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PULMONARY REACTIONS TO MISCELLANEQUS
MINERAL DUSTS, MAN-MADE MINERAL FIBERS,
AND MISCELLANEOUS PNEUMOCONIOSES

Stuart M. Brooks

INTRODUCTION

The miscellaneous pneumoconioses repre-
sent a group of vecupational lung disorders
causcd by the inhalation of a varicty of different

dusts. The entity does not include the dusts of

silica, asbestos, silicates, coal and carbon prod-
ucts, various clays, beryllium, or organic dusts.
Most miscellaneous pneumoconioses are due to
Inorganic materials, mainly metals of one sort
or another. In reviewing the miscellaneous pneu-
moconioses, the definition provided by Parkes
has been adapted: “The presence of inhaled dust
in the lungs and their nonneoplastic tissue reac-
tion to it”

A large number of different vccupations,
industrial processes, and materials must be con-
sidered. As a group, the miscellaneous pneumo-
conioses can potentially affect an cstimaled
working population of ten million. While the
total number of exposed workers at risk may be
large, the actual number of individuals employed
in any single industry ar exposed o any specific
agent may not be large when compared to in-
organic dusts such as ashestos, coal, or silica.
Only aluminum and iron, with perhaps several
million potentially exposed workers, approach
the population exposure magnitude of these
other dusts.

A problem in identifving affected individu-
als may be related to the fact that only a small
number of workers are usually emploved in any
single operation/indusiry and thus exposed to
one of the dusts. Consequently, medical and en-
vironmental information is not as readily avail-
able as it is in larger industries where occupa-
tional health programs are betier developed,
regulated, and supervised. Another considera-
tion is that many of the miscellangous pneumo-
conioses cause only chest radiographic altera-
tions but are not associated with medical dis-

ability or symptomatology. Recausc of this, there
is less interest or impetus to monitor these
workers. On the other hand, the agents to be
described in this chapter have extremely impor-
tant, often critical, uses and demands in this
country, as well as throughout the world. The
demand for these agents will be generally in-
creased aver the next 10 vears, consequently in-
crcasing the number of workers exposed to them.
It is important to be familiar with the miscel-
laneous pneumnoconioses and to make practic-
ing physicians more aware of their presence, of
their manifestations, and of the occupations
where these lung diseases are likely to occur.

ALUMINUM

Introduction

The primary sources of aluminum are the
ores of cryolite and bauxite; the metal is never
found in its elemental state (Al). Aluminum’s
effect on the lungs differs depending upon the
composition of the inhaled aluminum-containing
dust. Cases of pulmonary fibrosis sometimes
called ““Aluminum Lung”’ (25), as well as asthma
have been reported in workers involved in vari-
ous manufacturing processes.

List of Causative Agents
{(Manufacturing Processes)

The estimated annual capacity of primary
aluminum production is 14 million tons (27).
There are three major steps in aluminum pro-
duction beginning with mining of the ore (baux-
ite) and leading to production of metal ingots.
Bauxite mining consists of strip mining or
underground mining depending upon the type
of vein to be quarried. Bauxite contains alumina
which is mixed with 40% to 50% iron and other
oxides. Extraction of alumina (aluminum oxide,
Al0)) from the ore involves preferentially

401



dissolving it out by autoclave treatment with
soda {Bayer Process). Filtration of the caustic
mixture leaves a residue known as red mud and
a solution of pure alumina in soda. Alumina is
then precipitated from the soda by means of a
seeding process. The solution is allowed to set-
tle, then filtered and calcined from drygin to
vield the alumina—a white, flourv powder (27).
The final step is carried out either in smeliers
or reduction plants. The basic reduction process
involves an electrolytic decomposition: alumina
is first transformed into a liquid form in order
to allow a direct electric current to pass through
it. Because alumina has such a high melting point
(close to 2,000 °C), operations at such tempera-
tures are impractical, if not impossible. To get
around this problem, a fluorinated compound
of sodium and aluminum (cryolite) is used. It
melts at approximately 1,000°C and in a molten
state is capable of dissolving up to about 8% of
alumina (27). Thus, alumina is obtained in a lig-
uid form by dissolving it in molten eryolite at
a temperature below 1,000°C where it is tech-
nically more practical and feasible to carry out
electrolysis. The molten aluminum produced by
electrolysis has a slightly higher specific gravity
than molten crvolite and therefore will settle into
the bottom of the cell {rom whence it can peri-
odically be extracted by some kind of vacuum
trapping technique. The electrolytic process is
done in an electrolytic cell (called the pot) which
consists of steel-coated shells lined with insu-
lating materials and contains an electricity-con-
ductive bottom made of carbon connected to a
negative polarity power source, Carbon anodes
connected to positive polarity hang above and
dip into the cryolite-alumina melt. When elec-
tric current tlows from the anode to the cathode
bottom, alumina is split into metallic aluminum
spreading over the bottom and evolving oxygen.
The capacity of a common pot is approximately
150,000 amps and yields more than one metric
ton of aluminum each day (27).

Therc are various pot-fume emissions that
have been identified (27). Molien cryolite releases
gaseous hydrofluoric acid and fluoride dust.
Fluoride emissions are low during quict opera-
tions but increasc during crust breaking, taping,
and anode-changing (27). In addition to the
generation of cryolite dust, there is also produc-
tion of alumina and carbon dusts, the propor-
tions depending upon the raw materials used.
During the burning of the anodes, sulfur diox-
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ide is emitted, having originated from the sulfur
present in the petroleum coke used for anode
making. Anode burning involves oxygen during
electrolysis and results in the cvolution of car-
bon monoxide and carbon dioxide gases,

Depending on the type of pot used, there
are also emissions of various pitch volatiles and
polynuclear aromatic compounds. Identifying
specific etiologic agents causing lung disease
among reduction workers is difficult because
they may be exposed not only to alumina but
also to a number of other air contaminants in-
cluding: asbestos, which is sometimes used as
insulation in the pots or as marinitc in casting
operations; carbon, used to make cathodes and
anodes; fluorides, emitted both as a particulate
and pas which are constituents of cryolite and
of the electrolytic bath; and particulate polycyclic
organic matter, originating from the binder used
in the electrodes (40). Secondary chemical con-
taminants that are present include: carbon
moenoexide, a by-product of incomplete combus-
tion which can be present at low levels in pot-
rooms having inadequate ventilation; copper
fumes and dust which occur from some anode
rods and fluxes as well as from welding and
sanding; cyanide, which may be emitted in spent
cathode material but is usually not a problem
unless acidified; mercury, contained in electrical
rectifiers which may be present during mainte-
nance work; perchlorethylene, used as a solvent
degreaser on clectrical parts and mators; silica,
sometimes used in sandblasting and alse found
in discarded refractory bricks; and sulfur diox-
ide, a by-product of sulfur-bearing coke. Various
welding fumes may also be present in the work-
ing environment: chlorine gas may originate from
fluxing and casting operations; hydrogen chloride
can be formed during casting from chlorine and
water; manganese fumes can occur during pro-
cessing metal alloys; ozane can be produced as
a by-product in electrical discharge and welding;
and phosgene can result from combustion prod-
ucts of halides {39).

There are two major types of aluminum
products produced—flakes and granules. Par-
ticle size as small as 0.6 u have been noted in
the flaked type, which are prepared in a stamp
or ball-mill from cold metal or foil (25); the
granular type is made from molten metal (25).
Stearin, a mixture of fatty acids created by
hydrolysis of fats or paraffin, is usvally added
to allow separation of particles (24). Many of



the early cases of pulmonary fibrosis attributed
to aluminum exposure were reported in Germany
during World War IT when stearin was not added
to the flakes (25). Furthermore, there are reports
of pulmonary fibrosis among English and
Swedish stamping mill workers, where stearin
was either reduced or replaced by mineral oil
{25).

Small-sized, flaked particles (pyro) are used
in the manufacture of explosives and incendiary
devices and fireworks. Some occupations in
which cxposures may occur to the flaked varie-
ty include: aluminum alloy grinders, reduction
plant workers, ammunition makers, fireworks
makers, foundry workers, petroleum refinery
workers, plastic workers, and rubber makers.

Hazardous exposures may occur during
smelting and refining processes. Aluminum may
be alloved with copper, zing, silicone, magnesium,
manganese, or nickel (34). Special additives may
include chromium, lead, bismuth, titanium, zir-
conjum, and vanadium (34). Aluminum and its
alloys can be extruded or processed in rolling
mills, fireworks, forges, or foundries and are used
in ship building, electrical building, aircraft,
autcmobile, light engineering, and jewelry in-
dustries. Aluminum foil is widely used in pack-
aging.

Powder aluminum is used in patients and
pyrotechnic industries (34). Alumina has been
utilized as abrasives, refractories, catalysts, and
in the past, in the first firing of china and pot-
tery (34). Aluminum chloride is used in petrole-
um processing and in the rubber industries. Heyl
aluminum compounds are used as catalysts in
the production of polyethylene.

Bauxite, a nonecrystalline mineral, has a
composition of A0, - 2H,0 and theoretically
contains 74% alumina (usually closer to
50-60%). It is the major aluminum ore, but is
also used in the manufacture of abrasive
aluminum salts, refractories, white cement, and
as a replacement for fuller’s earth for decoloriz-
ing oil {2). Bauxite contains varying amounts of
silica (2-10™), iron oxide (2-26%0), and titanium
oxide (2-4%) (2). Aluminate cement is a con-
struction cement containing bauxite as a raw
material. It has quick-setting praperties, reaching
a strength in 24 hours as high as that obtained
by ordinary cement in 28 days; thus it is useful
in laying roads or bank walls. American baux-
ite found in Arkansas, Georgia and Alabama is
valued for aluminum production because of its

low silica content (2).

Alumina, the natural crystalline form of
aluminum (Al;0,) is used as an abrasive and for
gem stones (2). It is an important constituent of
clay, used for making porcelain, bricks, pottery,
and refractories. It may also be used as a mor-
dant in dyeing. Hydrated alumina is used as
catalyst carrier and has particles which are 0.1
1 to 0.6 uin size, It can also be used as a filler
in plastics and cosmetics. Calcined alumina is
alumina that has been calcined to a degree that
prevents absorption of more than 0.5% to 2%
water. It is a fine powder and is used for elec-
trical insulators, abrasives, and in porcelain and
ceramic enamel mixes. Aluminum hydrate is a
white, bulky water-insoluble aluminum powder
{Al{QH},) produced by the reaction of soluble
aluminum salt and alkali and precipitated from
a solution (2). It is used as a base for lake pig-
ment, for making glass white, as a water repel-
ent agent, and for fabric and paper coatings.
Hydrated alumina coated with stearic acid is
used as a reinforcing pigment for rubber.

Aluminum is a bluish-white metal with
countless uses, It is used {or automotive and air-
plane construction, for moving parts of machin-
ery, for ornamental or architectural work, and
for cooking utensils. The metal is transparent
to x-ray and is used in thin sheets as a ray filter.
Its lightness makes it valuable for transport
equipment; ahout 25% of its entire production
is used for this purpose. It is resistant to corro-
sion and is nonmagnetic even when alloyved with
iron (2). Aluminum sheets as thin as 0.0005 inch
are rolled into aluminum foil, Aluminum, in
powder form, is used in paints and fireworks.
Its physical properties are greatly affected by
even slight additions of other elements. So great
is the effect of alloy elements in aluminum that
a commercial aluminum 99.2% pure will have
a strength 25% greater than 99.9% pure alumi-
nom. Pure aluminum is next to gold in malle-
ability. Aluminum alloys are usually aluminum-
copper alloys with or without other alloying
elements. Copper hardens and strengthens alu-
minum. The alloy is easy to cast; 8% copper is
considered the economic point for balancing
strength and low specific gravity. When zinc and
tin are added to aluminum alloys, they cause hot-
shortness; silicon adds fluidity and decreases
luster; magnesium inhibits grain growth and
gives age hardening; titanium gives corrosion
resistance; and iron in small amounts increases
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strength, Nickel, replacing copper in the alloy,
makes it stronger, more corrosive resistant and
impraves luster (2).

Aluminum oxide (Al;3,) may be made com-
mercially and, because of its high melting peint,
is valuable as a refractory material. The crvstal-
line type is used as an abrasive. Aluminum ox-
ide is also emploved in making refractory lin-
ings and crucibles. Aluminum oxide grains can
be made into pellets with a ceramic band for use
as a catalyst carrier in the chemical industry,
Alumina, the natural-occurring crystalline alu-
minum oxide is called corundum; the synthetic
crystals used for abrasives are designed as alu-
minum oxide or marketed under trade names.
It is an important constituent of clays for mak-
ing porcelain, bricks, pottery, pigments, catalyst
carriers, chemicals, and refractories—although
aluminum metal production and abrasives are its
major uses. Ultraling aluminum abrasive pow-
ders are of two types: alpha-alumina with hex-
agonal crystals and gamma-alumina with cubic
crystals. The alpha type cuts faster but the gam-
ma Lypc gives a finer linish. The aluminum ox-
ide most frequently used for refractories is beta-
alumina with hexagonal crystals heat-stabilized
with sodium.

The Hindu word, corundum, was original-
ly applied to gemstones (2). Rubies and sap-
phires are corundum crystals colored with oxides.
Oriental topaz is yellow corundum containing
ferric oxide. Oriental emerald is a rare green cor-
undum. Corundum is now largely replaced by
the mare uniformly manufactured aluminum ox-
ide. Foamed aluminum or aluminum foil is made
by foaming aluminum metal with zirconium hy-
dride or other metal hydride (2). Released
hydrogen expands the metal into cellular struc-
tures of good strength and controlled densities
which can be used for insulating roofing or for
building panels.

Aluminum powder or flake, made by a
stamping process, is used as a pigment in paints
and printing inks, in silvering rubber articles, and
in plastics. Spherical-shaped particles of alumi-
num free from grease (granulated aluminum) are
used in caloring and for pyrotechniques and ex-
plosives, fat reacting fuels, and incendaries.
Aluminum powder may be used to increase
thrust in salid-fuel rockets, for metallurgical
purposcs, for paints and enamels.

Aluminume-silicon alloys refers to casting
alloys conraining 5-22% silicon. They arc char-
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acterized by their ease of casting, corrosion
resistance, lightness, and case of welding. They
are frequently used for engine cylinders, pistons,
and casting dies. Aluminumized steel consists of
dip-coating and diffusing aluminum into steel
at a temperature of about 1,600 °F to form an
aluminume-iron-alloy coating. The process is used
for wire, sheet, and marine hardware.

List of Occupations and Industries Involved

Exposure to aluminum as a powdered metal
occurs in a number of occupations where alu-
minum is used or processed:

Aluminum workers
Aluminum smelting
Aluminum alloy grinders
Ammunition makers
Fireworks maker

Aluminum paint makers
Aluminum propcller grinders
Petroleum refining

Plastic makers

Rubber makers

Exposure to aluminum oxide is seen in:
Abrasive manufacturers
Pot-room workers
Catalyst makers
Aluminum grinders
Potteries
Refractories

Epidemiology

Shaver and Ridell described a Iung disease
in Canadian pot-room workers exposed to fumes
which evolved during the making of abrasive
corundum {naturally occurring A0, in alpha or
hexagonal crystals, usually containing lime and
other impurities) (29)(30). During the operation,
dense white fumes were noted to evolve and
tended to be carried upward by the heat draft
from the furnaces, with most of the fumcs cscap-
ing through openings in the roofs of the furnace
rooms. Nonetheless, considerable contamination
occurred in the work area surrounding the fur-
naces where workers were stationed {29)(30). A
total of 23 cases of pulmonary fibrosis were
described—ages ranging between 25 and 61 years
and length of exposure 29 months to 15 years,
The majority of affected employees worked as
“furnace feeders.”” An additional 25 workers
were studied and 13 showed “‘early’’ or “*doubt-
ful” pulmonary fibrosis. Symptoms varied in in-
tensity but were found to correspond to the



amount of lung involvement present as indicated
by a chest x-ray (30}

Shaver commented on the high concentra-
tions of alumina and silica in a finely divided
state evolving from the reduction process. The
armosphere contained 32.3% silicon dioxide and
56% aluminum oxide. The silica, however, was
present in an amorphous nonfibrogenic form
(14). Particles were extremely small, 0.02 10 0.5
u in diameter. The disease was fatal in scven
cases, and in several other cases progressed rap-
idly, producing serious disability. Of 245 indi-
viduals exposed in four different plants, 35 had
“‘definite’” x-ray changes of disease, and 13 had
lung changes classified as ‘*doubtful.’” The eti-
ology of the fibrosis was uncertain.

Pulmonary fibrosis was noted in workers
exposed to very fine aluminum powder used for
fireworks and aluminum paints (20). The powder
was produced by pounding cold metal into fine
flakes used for fireworks (pyro) and paint pow-
ders {20). Exposure to high concentrations af
dust occurs when machines are emptied and filled
and during certain weighing and screening pro-
cesses (29). Goralewski reported that German
workers engaged in the manufacturing of pyro-
aluminum powder not coated with stearin de-
veloped acute respiratory illnesses within a few
months of starting work (10). The development
of iliness was rapid and showed no relationship
to length of exposure to aluminum.

Hunter reported on airplane propeller grind-
ers in England during the war (14). Duralum-
inum is an alloy containing 95% aluminum,
3.5-4.5% copper, 0.04-0.7% iron, and (.3%
titanium. It was used for making aircraft pro-
pellers, and during this process propellers were
ground smooth with alundum wheels {calcined
aluminum oxides 95-97%, ferric oxide 0.3-0.6%,
titanium oxide 2.2-2.8%, and silica 0.2-0.4%)
which created much dust. Despite good ventila-
tion, workers were covered with dust and were
sdaid to assume an aluminum color. The average
concentration of aluminum in the breathing zone
of operators was 3-3 mg/m®. At polishing vents,
dust levels were on the order of 50-100 mg/m?,
depending on the direction of the buffing wheel.
The dust was almost exclusively large aluminum
parlicles, although a significant number of par-
ticles below 2 p were present. Clinical examina-
tions revealed no excess illness recorded in
medical records, nor were there abnormal chest
x-ravs noted in 92 workers examined.

Mitchell reported a fatal case of progressive
pulmonary fibrosis in- 4 young man occupa-
tionally exposed to high concentrations of fine
aluminum dust (23). On postmortem examina-
tion there was a generalized pulmonary fibrosis
present, maost marked in the upper lobes. Many
jagged particles were identified in lung tissue and
gave histochemical reactions for aluminum. The
average content of aluminum oxide per dry
weight of lung was 640 ppm (23). While the par-
ticle size of the powder was generally large, dust
levels of about 10 mg/m? consisied of dust par-
ticles less than 5 w. The dust was mixed with ap-
proximately 0.5% stcarin.

Mitchell et al. reported on 27 individuals in
a fircworks factory exposed 1o pyro (finely pow-
dered aluminum); six workers had evidence of
pulmonary fibrosis (24). This study invalved
exposures to fine, flaked aluminum powder
which is made by stamping cold metal. Whereas
flaked powder is flattened and has a peculiar
leafing characteristic, granulatcd powder con-
sists of larger particles which are spherical in
shape and is widely used in aluminum paints.
Large quantities of stearin were used for paint
powder ta prevent aggregation of particles, but
the making of pyro powders required the quan-
tities of stearin ta be kept as low as possible and
replaced largely by mineral cil. Exposure to high
concentrations of dust took place while aging
and emptying machines during certain weighing
and screening processes. Mean total dust con-
centration in the pyro stamping room during
emptying and refilling of machines was 6.5
mg/m’® and 68 mg/m?® (24); respirable dust was
51 and 52 mgs/m® (respirable dust was 3% of the
total dust). There was a mean concentration of
95 mg/m* of respirable dust in the screening
room. Chemical analysis of dust revealed that
aluminum represented 81.4% and stearin ap-
proximately 3.5%. Semiquantitative Spectro-
graphic analysis showed 0.5% silicon dioxide
and approximately 0. 1% copper manganese and
iron to be present; beryllium was not detected.

One of the [irst cascs of pulmonary fibrosis
was reported in German aluminum workers by
Baader in 1934 (24). After World War I, cases
of pulmonary fibrosis were reported in men
working with aluminum powder for ammunition
{24). Goralewski reported on 62% of the workers
from six factories and noted more than 26% had
pulmonary fibrosis (9). Koelsch, summarizing
German workmen’s compcnsation €ases, re-
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ported 63 cases in which 28 were considered cases
of “aluminum lung”’ (19). In Japan, Ueda re-
corded a case of a patient who died of an
aluminum-associated lung disease three years
after stopping employment (36),

Jordan reported pulmonary fibrosis in a
young woman emploved for five years as a
“*flash filler” in a fireworks factory and exposed
to high concentrations of aluminum powder {17}
Pulmonary function studies showed reduced
lung volumes and severcly impaired carbon
monoxide diffusion (17).

Clinical, radiographic, pathologic, and envi-
ronmental features of a case of extensive pul-
monary fibrosis were reported in a 49-vear-old
man who worked 1314 years in a ball-mill room
of an aluminum powder factory and died with
progressive cncephalopathy and seizures (21).
There were no presenting pulmonary symptoms.
Chest x-ray examinations of 53 other workers in
the same factory and pulmonary function studies
of 23 individuals revealed ne significant abnor-
malities. The concentrarion of aluminum in lhung
and brain tissue was about 20 times normal and
in the liver, 122 times more than in the normal
controls. Microscopic studies of lung tissue
revealed aluminum particles in areas of (ibrosis.
Chemical analysis confirmed the presence of
aluminum in the lung. Sections of brain tissue
also indicated aluminum deposition in brain
tissue.

Posner and Kennedy reported on china bis-
cuit placers, more than half of whom were work-
ing with aluminum for more than 15 years. No
cases of radiologically manifest pulmonary fibro-
sis were identified (26).

Discher and Breitenstein reported 4 prev-
alence of chronic pulmonary discasc in 457 malc
aluminum pot-room workers compared (o a
3.3% prevalence rate in 228 skilled laborers (7).
No difference was noted in respiratory svmploms
or spiromelric measurements between the two
groups. Jepheotl reported that the bauxite used
by the plants reported by Shaver contained be-
tween 77.5% and 85.2% Al0, and 4.5-7.2% SiQ,
(16). Chemical analysis of fumes indicated con-
centrations of 510,0; of 30.7-62.1%. Analysis of
lung tissue from the autopsy of six workmen ex-
posed to the fumes showed silica concentrations
of 0.86-2.45% per dried lung and alumina con-
tent of 1,2-2.6%, The amount of alumina and
silica were in excess of the quantities observed
in lungs of unexposed persons and indicated
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that significant amounts of inhaled fumes were
retained by the lungs. X-ray defraction analysis
of dried lung revealed both alpha and gamma
alumina.

Estimates of Population Exposed

The National Occupational Harard Survey
(NOHS) conducted by NIOSH estimates that
there mav be more than three million workers
potentially exposed to various aluminum com-
pounds. About 1.8 million arc expascd directly
to alumina (Al.O:)—perhaps 112,000 on a full-
time basis. It is estimated that 1.6 million are
exposed to aluminum coated with stearin—
25,000 on a full-time basis, and that 500,000 are
directly exposed to aluminum metal (35).

Pathology

Autopsy studies on gross examination have
shown the lungs are usually either small or nor-
mal in size and weight, but sometimes marked-
Iy shrunken (28). Pleural surfaces are pigmented
and may have a somewhat pebbled appearance.
On occasion, there may be extensive thickening
of the pleura, with emphysematous blebs and
large bullae present on the surfaces. The darkly
pigmented fibrous masses and bands are scat-
tered throughout lung substance tissues on cuf
sections of the lung, Central portions of the lung
betwgen the pleural surface and hilum are most
heavily involved, demonstrating areas of dense
fibrosis (28). Fibrous extensions cross interlo-
bular septums to the pleura and appear to pass
inward toward the hilum along the bronchi and
blood vessels. The bronchi appear to be of nor-
mal appearance grossly, but may be dilated, con-
taining clots of coagulated exudates. Moderate
thickening of the vessels is noted. Lymph nodes
are pigmented and firm, but may be slightly
enlarged.

Microscopic examination discloses diffuse
nonnodular fibrosis of the lung. The fibrous
tissue is said to be hvaline in nature with a fow
areas of interstitial inflammation. Alveolar spaces
may be partially occluded and compressed be-
tween bands of collagen. Some airspaces contain
masses of phagocytes filled with blackish pig-
ment, giant cells containing cholesterol crystal
clefts, and cellular debris. The alveolar walls are
thickened and lined with cuboidal epithelium.,
Dilated bronchi containing mucus may be seen
in some areas; the submucosa is often thickened



and shows inflammatory cell reaction. Vessels,
while usually normal, may show perivascular
fibrosis and occasionally endarteritis. Lymphoid
tissue reveals evidence of lymphadenitis, with
large numbers of phagocytes filled with pigment
particles within lymph nodes (28)(40).

One mechanism, which could explain the
fibrogenic effects of aluminum on lung tissue,
proposed that in the presence of protein and
chloride ions, the protein is tanned and is then
ca-precipitated with an aluminum hydroxide com-
plex which covers the partly dissolved aluminum
particles (15). This complex is relatively insolu-
ble and not likely to be phagocytized (3){4)(15).
Koelsch believed that the reported lung discasc
was the result of poor workroom ventilation pre-
sent in blackouts during World War 11, and that
this led to high concentrations of aluminum dust
accumulating in the ambient air of the work en-
vironment {19). The observation that excessive-
ly high workplace concentrations of aluminum
dust are important in disease production is sup-
ported by studies of Gross et al. (11), who in-
vestigated pulmonary reaction 1o three tvpes of
aluminum powder: 1) British pyro powder, com-
posed of flake-like particles; 2) American-made
flake-like powders; and 3) American atomized
spherical particles. Pulmonary {ibrosis did not
develop in guinea pigs and hamsters following
inhalation of large dust burdens. Intratracheal
injection of large doses of aluminum powder,
however, did cause focal fibrosis. This was be-
lieved to represent an artifact due to the method
of administration and the high concentration of
dust used (11). Instillation of lower concentra-
tions of aluminum dust, for instance, did not
cause fibrosis.

Pulmonary fibrosis has not been reported
in workers exposed to granular type alumina dust
(Al;O;), such as when warking in stamp mills
that produce aluminum powder for paint and ink
manufacturing (5); in aluminum reduction plants
(18)(22); in potteries (26); or among Duralumin
airplane propeller polishers (14). A proposed
mechanism to explain the lung damage suggests
that the introduction of mineral oil into the
stamping industry, in place of stearin, permitied
the powder to react with water, whereas it did
not before. Lung damagc was, therefore, caused
by contact with the soluble aluminum. When
pulmonary fibrosis has been reported, the in-
criminated dust has usually been flaked alu-
minum in which mineral oil was used to coar the

flakes, cither partially or wholly replacing stearin
(9)124). (There is an exception, however, in a case
reported by McLaughlin et al. (22).) Thus alumi-
num oxide covering granular powder particles
and stearin covering flake particles, was thought
to prevent metallic aluminum from exerting a
fibrogenic eftect (11). Animal studies, however,
do not support this theory since intratracheal in-
stillation of fine aluminum flakes coated with
either stearin or mineral oil weve fat- tree (3), but
caused fibrosis of equal severity. Granular alumi-
num powder, however, had a negligible effect and
was essentially inert (3).

It has also been suggested that silica, present
in cryolite, was # responsible factor (1). This
seems unlikely since quartz probably would be
converted to glass at the operating temperature
of the furnaces and identification of tridymite
or cristobalite in the fumes had not been reported
(25). Metallic aluminum, when heated in fumes,
evolves mainly gamma-type AlLQO,; (8), which
causes fibrosis in rat lung, whereas zalpha-type
AlLO; does not (32). Styles et al. tested alumina
in cell cultures and in animals to assess its cyto-
toxicity and tissue reaction (33). The toxicity of
alumina to rat peritoneal macrophages in cell
culture was low when compared to asbestos.
However, alumina fibers causcd morc fibrosis
than zirconia fibers when injected intraperitone-
ally in animals (33). Although an immunologic
reaction in aluminum workers with lung fibrosis
has been described there is no conclusive evidenee
to support this hypothesis,

Thus, the role of aluminum dust or fumes
in the pathogenesis of lung fibrosis is uncertain.
The variability of animal study results makes it
difficulr to correlate with human disease. Even
50, there are a number of reports of workers who
have heen exposed to both dust and fumes, and
who have developed pulmonary fibrosis without
identifying any other causal factor for their lung
disease. It can be concluded, therefore, that alu-
minum may sometimes be responsible for caus-
ing pulmonary fibrosis, but the exact occupa-
tional circumstances and conditions are not yet
completely clear.

Clinical Description

The pulmonary fibrosis attributed to alu-
minum is associated with two different inhalable
materials (25): fumes derived from the smelting
of bauxite (Al:O,), (known as Shaver’s disease
after Shaver jointly described the association in
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1947 (30)); and inhalation of aluminum dust (25).

Shaver described unilateral or bilateral spon-
tancous pneumothoraces {30). Chest x-rays, when
reviewed, showed well-established pulmonary
fibrosis. Dyspnea on exertion was an outstanding
symptom with attacks of extreme hreathlessness
frequently described. Attacks of breathlessness
were occasionally interspersed with periods of
symptom improvement. The majority of workers
gave & history of cough and sputum production,
The sputum was described as white, fluffy, or
frothy in character, sometimes mucopurulent. In
addition, there were complaints of substernal
chest discomfort or tightness and occasionally
actual chest pain. Weakness, fatigue, and inabili-
ty to sleep were secn in individuals with severe
dvspnea. No speciflic abnormal physical findings
were noted in individuals with early disease, but
in those with advanced disease, weight loss and
loss of appetite were apparent. Chest signs, when
present, were variable and largely depended on
the presence or absence of pneumothorax and
the amount of pulmonary fibrosis. More advanc-
ed cases showed cyanosis and limited chest ex-
pansion. Furthermore, decreased percussion
noted on physical cxamination was generally
found to correspond with exiensive pulmonary
fibrosis or pleural thickening. In some instances
there was elevation of the diaphragm. Hyper-
resonance and decreased breath sounds were
associated with the presence of pneumothorax.
Some individuals demonstrated friction rubs;
rales, and rhonchi were noted on chest ausculta-
tion {30).

In most cases chest x-ray showed widening
of mediastinal shadows and irregular borders of
the diaphragm shadow. The diaphragm was often
tented and markedly elevated. Interstitial changes
noted on chest x-ray were more pronounced in
the upper lung fields, more intense towards the
hilum, and less toward the periphery. Coarse
shadows throughout the lung field occurred in
more advanced cases. Emphysematous changes
were often present and associated with bleb for-
mation (30).

In workers exposed to fine aluminum
powder, there were complaints of dry cough,
pleuritic-like chest pain, shartness of breath,
poor appetite, and gnawing abdominal pain (13)
(24). Spontaneous pneumothorax occurred in
some workers. Eosinophilia as high as 10% in

408

some workers was present; ervthrocyte sedimen-
tation rate was normal in the majority of
workers. A restrictive lung defect was noted on
pulmanary function studies with decreascd vital
capacity. X-rays showed pulmonary fibrosis af-
fecting mainly the upper part of the lung. In-
creased markings in the upper and middle thirds
of the lung ficlds provided a reticular appearance,
which later increased to become confluent. In
general, symptoms and signs were similar to
those in Shaver’s disease.

There have also been a number of reports
ot an asthma-like syndrome associated with
working in the pot-room environment (18)31)
(37X38). Clinically there is an immediate asth-
matic response while workers are actively work-
ing in the pot-rooms, usvally precipitated by high
exposures to pot fumes. A second, delayed re-
sponse occurs 4 to 12 hours after leaving the cell
room,; a third, or dual-type, occurs in individuals
both at work and sometimes afier work (6). The
asthmatic syndrome seems to occur following ex-
posures to both pot-room fumes and dust (38).
The immediate type of response usually develops
within three months of employment; delayed
responses usually occur after three months or as
late as three years following beginning employ-
ment (6). Those with dual responses usually de-
velop asthma within 6-12 months, Asthma oc-
curs equally in both atopic and nonatopic in-
dividuals. The syndrome may appear after only
one pol-rgom exposure, A4 major complaint is
a nonproductive cough. Dyspnea is a more pro-
minent symptom in individuals with immediate-
type responscs, whercas wheczing is prominent
in workers with the delaved-type response. Those
with the dual-type syndrome have severe exer-
Lional dyspnea (6). The exact cause of the asthma
from pot-room exposure has not been identified.

Diagnostic Criteria

The most difficult problem 1s to distinguish
this disease from mixed dust fibrosis and some-
times asbestosis. Differentiation is possible on-
ly when an appropriate and complete occupa-
tional history is taken and all exposures are iden-
tified. There are no specific diagnostic features
of the history, physical exam, pulmonary func-
tion tests, or chest x-ray which differentiate this
disease from other forms of pulmonary fibrosis.



Methods of Prevention

There are a number of fume control devices.
Pots are generally fitted with a primary collec-
tion system and may also have a secondary
system (27). The fumes collected by the primary
collection system are concentrated and can be
treated using either an electrostatic filter or bag
filter, or a dry scrubbing system (27). A second-
ary system does not exist in every smelter but
usually consists of a water scrubbing system on
the raofs of the building, abating the pollutants
that may have escaped during the primary
system.

Research Needs

The exact mechanisms to explain the pul-
monary fibrosis described in aluminum workers
needs to be elucidated. It is not clear whether
aluminum alone, or in combinations with other
materials, is capable of inciting a fibrotic re-
sponse. The specific etiological agents respon-
sible for asthma among pot-room workers need
identification.
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ANTIMONY
Introduction

Antimeny is an extremely brittle metal,
bluish-white in calor and crystalline-like in rex-
ture. Like arsenic and bismuth, it is sometimes
referred to as a metalloid; it should be called a
semimetal. It does not have the free cloud-like
eglectrons that occur in metal atoms, thus it lacks



plasticity and is a poor conductor of electricity.
It is used only in alloys or in chemical com-
pounds. It is easily reduced to powder and is
neither malleable nor ductile (2).

List of Causative Agents
(Manufacturing Processes)

The chief uscs of antimony are in alloys,
especially as a hardener for lead-basc alloys (2).
It imparts hardness and a smooth surface to soft-
metal alloys becausc it cxpands on cooling.
Allovs containing antimony are useful because
they can reproduce the fine detail of a mold, thus
making it valuable for type metals. When alloyed
with lead, tin, and copper it forms bhabbitt metals
that can be used for machinery bearings. An-
timony campounds are also widely used for pig-
ments, parlticularly as a paint pigment for col-
oring red rubber and in safety matches.

The chief antimony ore is stibnite {SbS;).
Other antimony ores are valentinite, an oxide with
a rhomboid structure; cervantile or antimony
tetraoxide (8h.5.0); stibiconite {Sb.0,- H,Q);
kermesite (Sb,S,0), a mineral resulting from the
partial oxidation of stibnite; Jamesonite (Pb.
Sh,%;), another sulfide ore of antimony; and
stephanitc, are of silver sulfantinonite (AgSbS.).
Antimony is obtained chiefly as a by-product or
co-product of base malerial and silver ores and
is used in a variety of industries (27). Maosl in-
dustrial exposures are to antimony dusts rather
than to antimony fumes, with antimony trioxide
dust being the most common.

Antimony is used in electronic semiconduc-
tors and thermoelectric devices because of its ex-
cetlent specific heat and electrical resistance (26)
(27). The light transmitting qualities of antimony
compounds, particularly antimony trioxide, make
them ideal pigments for ceramics, glass, metal-
ware, and enamels, Plastic flame-retardant chem-
icals are also important products (25).

U.S. consumption ol primary antimony was
slightly more than 5,000 short tons (21). An-
timony is alloyed with other metals such as tin,
lead, and copper. Mctallurgical processes utiliz-
ing antimony compounds include the use of lead-
antimony for the manufacture of storage battery
grinds, pewtcr, type metal, printers’ type, lead
shot, lead electrodes and bearing metals, collap-
sible tubes and foil, sheet pipc, soider, cable
covering, and castings. Antimony compounds are
used in the rubber industry especially in the com-

pounding of rubber. Antimony trioxide is used
in flame-proofing materials for application to
textiles and as a flame retardant in paint pigment.
Oxides arc used as opacifiers in enamels and as
a decoloring and refining agenl in glass manufac-
ture. Other uses include bronzing powder for
metals and plaster, ammunition primers, and firc-
works (4X21)27). NIOSH estimates that there are
approximately 50 potentially hazardous antimony
compounds (12).

About 25 countries throughout the world are
involved in antimony production (27). In 1976,
the United States imported roughly 24,000 tons
ol antimony metal oxide and ore for consump-
tion (21). U.S. production totaled approximately
35,000 tons, of which approximately 42% came
from primary sources such as orc and primary
smclters and 58% was secondary or recycled metal
{21). Secondary antimony is recovered chiefly
from battery scraps.

List of Occupations and Industries Involved

Table 11-29 lists occupations and industry
in which exposure to antimony may occur (12).

Epidemiolngy

Renes reported pneumonitis, tracheitis,
laryngitis, and bronchitis among workers exposed
to antimony trioxide (22). Karjovic demonstrated
x-ray cvidence of pneumoconiosis in 14 of 62
WwOTKers in an antimony smelting operation ex-
posed to concentrations of poorly defined mixed
dust (ranging from 16-248 mg/m?). The dusr con-
tained antimony oxides and some silica. While the
antimony oxides represented the bulk of the dust,
it was not clear what role silica had (10). Exposure
ta antimony trioxide and other metal dusts pro-
duced x-ray changes in 44 of 262 workers (17}
Workers with abnormal chest x-rays were essen-
tially asymptomatic. Microscopic examination of
tissue from one worker who died showed an ac-
cumulation of dust particles and dust-laden
alveolar macrophages within alveolar septa and
perivascular tissue. There was no evidence of
pulmonary fibrosis or interstitial inflammatory
response (15)(16). Cooper et al. reported three
definite and five suspicious cases of pneumoconi-
osis based on chest x-rav changes in a group of
28 workers exposcd to antimony ore and an-
timony trioxide (4). LeGall reported reticulono-
dular x-ray changes in 10 of 40 workers exposed
to a mixed dust (including silica) containing an-
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Table 11-29
QCCUPATIONS WITH POTENTIAL EXPOSURE TO ANTIMONY

Antimony ore smelters
Antimony workers
Babbitt metal workers
Battery workers, storage
Brass founders
Britannia metal workers
Bronzers

Burnishers

Cable splicers

Ceramic makers
Compositors

Copper refiners

Dve makers
Electroplaters

Explosive makers
Fireworkers makers
Flame retardant workers
Foundry workers

Glass makers

Glaze dippers, pottery
Gold refiners
Insecticide makers
Insulators, wire

Lake color makers
Lead burners

Lead hardeners

Lead shot workers
Linotypers

Match makers

Metal bronzers

Miners

Monotypers
Mordanters

Organic chemical synthesizers
Paint makers

Painters

Perfume makers
Pewter workers
Pharmaceutical workcrs
Phosphor makers
Pigment makers

Plaster cast bronzers
Porcelain workers
Pottery workers
Printers

Pyrotechnics workers
Rubber makers
Semiconductor workers
Solder makers
Stereotypers

Stibnite miners

Textile dryers

Textile flame-retardant workers
Textile printers

Type metal workers
Typesetters

Vulcanizers

Zinc refiners

timony metal and trioxide (13}). Some workers
reported symptoms of shortness of breath, cough,
and sputum production and demonstrated some
abnormal physical [indings. The role of silica and
of SO. in the production of the lung changes and
symptoms was not clear (13). One affected worker,
however, worked only at the antimony oxide fur-
nace where antimony exposure was reported to
be high and silica concentrations low or
nonexistent,

Estimate of Population at Risk and
Prevalence of Disease

NIOSH e¢stimates that 1.4 million U.S.
workers are potentially exposed to antimony in
their occupational environment (25). Exposures
are largely to metal alloys and to metal oxide and
sulfides,
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Pathology

Histological examination of antimony
workers’ lungs reveal only dust accumulation
and no fibrosis (16). Alveolar macrophages con-
taining dust particles congregate in alveolar walls
and around small vessels (16). No fibrosis or
significant inflammatory reactions have been
reported (16).

While antimony are or antimony trioxide
have not been reported to cause significant
fibrosis in experimental animals (4), there have
been reports of pulmonary reactions to certain
antimony compounds in man following exposure
by several routes (10)(13)H(1HHAN22)24). A
pneumonitis occurs following inhalation of an-
timony trioxide in guinea pigs {6). Animals with
more than 50 mg of antimony in their lungs



showed scattered subpleural hemorrhages (6).
Lipoid pneumonia was nated to occur in rats
following inhalation of antimony trioxide for 25
hours per week over 14.5 months (8). Patholog-
ically, therc was cvidence of cellular proliferation
and swelling and desquamation of alveolar lin-
ing cells. Subsequent studies reported more deaths
due to pneumonia among the exposed animals
and evidence of extensive interstitial pneumonia
and some fibrosis. The initial pathologic response
was an acute chemical pneumeoenitis (4). By two
months, only alveolar accumulation of macro-
phages was noted. No fibrosis was noted in
animals followed as long as one vear after ter-
mination of exposure. Single instillalions of
2.5-20 mg of antimony trifluoride intratracheal-
Iy in rats are invariably fatal (14y and result in
acute hemorrhagic pulmoenary edema. Tracheal
instillation of antimony trisulfide or pentasulfide
results only in macrophage accumulation, slight
perivascular and peribronchial cellular inflam-
matory reactions, and scattered areas of atclec-
tasis (14).

Clinical Description

There are no specific clinical symptoms or
abnormal physical findings in workers exposed
to antimony compounds (19). Health problems
from antimony include dermatitis, mucous mem-
brane irritation, electrocardiographic alterations,
liver involvement, and hematologic changes (2)
CHOHGHNAOKLIHADASATHEN22)(2Y). Many of
the symptoms ascribed to antimony may be due
to arseni¢ which is 2 common contaminate of an-
timony ares and antimony compounds used in
industry.

Puimonary Function Studies

There are no abnormalities of lung function
reported.
Radiographic

There have been occasional reports of chest
x-ray changes. Usually this consists of small,
dense opacities similar to those noted in siderosis
or stanosis (4)(15)(17). Large, confluent shadows
do not occur. Pensities may be denser near the
hilar regions with loss of well-defined hilar vas-
cular shadows (19}. X-ray changes can develop
within two to three years and involve all portions
of the lung. Opacities are regular, usually 1-3
mm in size (9)(20). There are no detrimental ef-
fects upon health or life expectancy. Unlike
siderosis and barium inhalation, there is no

evidence of decrease in the x-ray appearance with
progression of time following cessation of ex-
posure (19).

Diagnostic Criteria

Antimony prneumoconiosis is a rare condi-
tion which can be overlooked if an accurate oc-
cupational history is not obtained. Differential
diagnosis is similar to that for other inert dusts
which are of high radio densities, such as tin or
barium (which may produce identical x-ray ap-
pearances), Miliary tuberculosis can be easily ex-
cluded because of its clinical presentation; ils
opacities also are reporied to be less dense and
well-defined and may be more profuse in the mid
cones of the Tung (19). Sarcoid may present with
a nodular pattern but is usually associated with
large hilar adcnopathy and other characteristic
features of this disorder. Opacities seen with
pulmonary hemosidcrosis are due to repeated
capillary hemorrhage and should be easily dif-
ferentiated by hemoptysis, anemia, ¢lubbing, and
heptatosplenomegaly.

Methods of Prevention

NIOSH has recommended concentrations of
antimony in the workplace should not exceed 0.5
mg/m* as determined by a time-weighted-average
concentration for up to a 10-hour workshift in
a 40-hour week. A workplace medical program
should include both preplacement and periodic
examinations including chest x-rays and pulmon-
ary function studics (29).

Proper protective clothing may be necessary
and should include gloves, coveralls, head and
neck protection, and also eye and face protec-
tion if necessary. Respiratory protection is only
indicated when engineering controls have not yet
taken place; in sitvations where installation and
testing of engineering controls are occurring;
during performance of certain maintenance or
repair procedures; and during emergencies where
high dust levels may be expected.

Research Needs

Moeore epidemiologic studies are needed to
better define the prevalence of disease if it does
occur. Animal studies might be designed to bet-
ter identify which of the antimony salts is more
likely to be toxic.
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BARIUM
Introduction

Barium 1s a silver-white metallic element
found in the widely distributed minerals witherite
and barite. Although barium can be obtained by
electrolysis from barium chloride, it oxidizes so
readily it is difficult Lo process in the pure me-
tallic state. Because of this, barium compounds
find the most extensive uses.

Baritosis, first described by Arrigoni among
barytes miners in Italy (1)(2}, results from the
inhalation of respirable particles of barium sul-
fate causing dense radiologic opacities but no
functional impairment,

List of Causative Agents
(Manufacturing Processes)

Barium may be extracted from barium ox-
ide by heating with aluminum in vacue at about
1,200 °C and then condensing the barium vapor
in the cool end of a tube. It may also be extracted
with ferrosilicon at a temperature about 50°C
higher. Lead barium-calcium alloys arc prepared
by electrolysis of the chlorides in cells with
molten lead at the cathode (3).

Barium sulfate is insoluble and is used as
a radiopaque contrast media for radiologic stud-
ies. 1t is not abhsorbed by the gut. On the other
hand, scluble salts of barium are generally tox-
ic. For example, barium carbonate, barium
chloride, barium nitrite, and barium sulfide are
rapidly absorbed by the gastrointestinal tract and
are faral to man in amounts of le¢ss than one
gram {6). This type of intoxication is not often
recognized clinically; it is usually noted only at
postmortem examinations.

Barytes are widely distributed through the
world and occur in combination with other
minerals such as fluorite, calcite, limestone,
witherite, quariz, and chert which may be inter-
mixed according ta the type of deposits (1),
Barvtes from some areas contain significant

amounts of free silica. In the United States, the
major states producing barytes are Nevada,
Missouri, Arkansas and Geargia.

List of Occupations and Industries Involved

Barium compounds are used in the manu-
facture of lithopone {a white pigment utilized in
paints}, chlorine, sodium hydroxide, valves, and
green flares (14). Barium compounds are used in
synthetic rubber vulcanization, x-ray diagnostic
work, glass making, paper making, meal-sugar
purification, and animal and vegetable refining
(14). Compounds are also used in the manufac-
turing of brick and tile, pyrotechnics, and in the
electronics industries. In addition, they arc used
as additives to lubricants, pesticides, glazes, tex-
tile dves and finishes, pharmaceuticals, and in
cements which will be exposed lo salt water.
Barium is used as a rodenticide; as a flux for
magnesium alloys; as a stabilizer and mold lubri-
cant in the rubber and plastics industry; as an ex-
tender in paints; as a loader for paper, sosp, rub-
ber, and linoleum; and as a fire extinguisher for
uranium and plutonium fires. It is used as an ex-
tender or [filler in cement, paint, paper, soap, rub-
ber, linoleum, plastics, ceramics, electronics, anc
in the glass ndustry, and in compounds contain-
ing maiches, and in art paint pigments.

Alist of jobs where exposure to barium com-
pounds may occur includes: textile workers,
chemical workers, tile makers, lithopone manu-
facturers, fire extinguisher makers, oil workers,
pesticide(s) manufacturers, x-ray diagnostic con-
trast material workers, and barium miners {ba-
ryte are).

During mining of the crude barvie arg, high
concentrations of dust are produced, which may
include silica in cases where the surrounding rock
conrains silica in hydrothermic deposits or chert.
Baryte is supplied to industries in crude form,
after removal of contaminants {10). Chances of
dust inhalation during this procedure are low
because operations are usually accomplished in
the wet state. During drying and bagging of
ground barytes, high concentrations of dust may
be produced (10).

Ground baryte is used in the oil industry as
a wetting agent for drilling mud; as a filler with
weight increasing propertics in some types of
paper; as an additive in linoleum, textile, rubber,
brake linings, and enamel paints; and in glass in-
dustrics to increase the fluidity of molten glass
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(10). Bt was usad in records until the introduction
of microgroove reconds in about 1948. Lithopone,
a widely used pigment gnd filler until recent vears,
was made by roasting crude silica-free barytes
with carbon i a rotary kiln, bleaching out the
product and then adding zine sulfate. The
resulting precipitate was washed, filtered, dried,
and calcined, At some stages of the process, a
mixture of harytes and carbon dust was present.
Coal was often used as a source of carbon and
grinding was a dusty process. Because of this, the
possibility of coal or carbon pneumoconiosis
coexisted with baritosis. Today, the production of
tithopone has markedly decreased.

Barium, in the form of barytes ar witherite,
is used in large quantitics by the chemical industry.
Bucause of its electromagnetic properties, barium
slanate has been used for electronics and
LY rasonie devices including  transducers and
digiral computers. Accidental inhalation of bari-
um sulfate during x-ray contrast studies (such as
upper Gl series) sometimes occurs, but it is not
tikely (o be confused with baritosis of industrial
origin.

Epidemiology

Doig reported nine cases of baritosis occur-
ring in & small factory in which baryte was
crushed, grared, and milled (4). Two of the cascs
oceurred afler 18 and 21 months of exposure; 9
of the 10 men employed for more than 1-1/2 vears
had baritosis. Five of the affected men
examinad—who left the industry and had no fur-
ther exposurc—showed clearing of radiologic
abnormalities.

Pendergrass reported a case of a man work-
ing i1 a lithopone plant who was exposed 1o fincly
divided particles of barium sulfate (11). The
worker also had been a coal miner for 4 years and
an engine cleaner in a railroad shop for 12 ycars,
During his employment he was also exposcd o
silica and carbon dust, but mainly barium dust.
Chest x-ray showed nodular-like opacities
distributed throughonut both lung ficlds. Autop-
sy examination of lung tissue revealed the presence
of irregular masses of dense fibrous tissue scat-
tered throughout the lung. Some of the nodules
were characterisiic of silicosis but shaded with
heavy carbon deposits, Polarized light examina-
tion indicated retractife crystals which were pro-
bably silica. Within rhe alveolar lumen there were
numcrous macrophages, most containing
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pigmented granules. Spectrographic and x-ray
defraction studics as well as chemical analysis
documented the presence of barium sulfate within
the lung. The case was interpreted as being that
of baritosis along with anthrosilicosis.

Estimate of Population at Risk

Baritasis is a rare condition. According to
NIQSIH data, however, there are approximately
800,000 exposed workers.

Pathology

Barium in the soluble form is a powerful,
smooth and striated muscle stimulant (). Ac-
cidental ingestion causes vomiting, severe colic,
diarrhea, possibly gastrointestinal hemorrhage,
elevation of blood pressure, convulsions, and
skeletal and muscle tremors. Death occurs within
one to several hours depending on the amount
of barium ingested and is due 10 either cardiac
arrest or paralysis of the central nervous system,

When free silica dust exposure occurs along
with baryte dusts, both baritosis and silicosis may
be present. There is no evidence that the silicotic
lesion is modified by the accompanying baryles
{(10).

In cases of pure baritosis, cur sections of
lung tissue show discrete macules located close
to the pleural surface and may resemble the
pathologic findings seen in stannesis {10). No
confluent masses, evidence of fibrosis or hilar
lymph node enlargement arc noted. Microscopic
cxamination demonstrates macular lesions simi-
lar 1o those seen with inhalation of tin or iron
with a little reticulin and no fibrosis (10).
Approximately 12 hours after endotracheal in-
stillation of barium sulfate into rats, there is a
polymorphonuclear inflammatory response in
lungs containing the barium suspension (7). By
24 hours, the polymorphonuclear cells show
some degeneration and are reduced in numbers.
The next stage reveals mononuclear cell infilira-
tion within the areas containing the barium sus-
pension. By 30 days, the mononuclear cells arc
still present within the interstitial tissue, but may
have lost their cell outline and appear to become
fused together; other cells have ruptured, lib-
erating barium salt which appcars as aggregated
refractilc masses. By 94 to 120 days, only a mild
tissue reaction remains. There are only a [ew
areas in the lung where refractile masses remain,
as well as a few lvmphocytes and mononuclear



Figure 11-43.

cells. There may, on occasion, be evidence of ear-
ly granuloma formation, but no evidence of pul-
monary fibrosis. These animal studies indicate
that barium sulfate is a relatively inert substance
which may cause mild tissue reaction but does
not produce pulmonary fibrosis,

Clinical Description

Baritosis is symptomless and causes no ab-
normal physical signs. There are no symptomatic
toxic effects because the barvte is a relatively in-
soluble, chemically inert substance.

Lung Function

No abnormalitics of lung function have
bezn recorded.

X-ray Appearance

There are discrete small opacities distributed
throughout all the lung fields (see Figure 11-43).
They may develop with only a few months of
dust exposure (9). Kerley B-lines are prominent
and hilar lvmph nodes are opaque but nat
enlarged. Asin a case of siderosis, a verv gradual
clearing of opacities due to climination of the
dust may occur after cessation of industrial ex-
posure {8)(13).

The outstanding feature of the x-ray is the
intense radiopacity of the discrete opacities
which are usually profusely disseminated
throughout the lung fields (4). The appearance
is always of a simple pneumaoconiosis with no
massive shadows. Howcver, when the opacities
arg very numerous, they may almost appear con-
fluent (12). Gambos described a background of
fine, reticular, micronodular-sized opacities the
size of fine sand with edges thin and sharp, con-
trasted and well outlined (5). Ln some serics, the
intensity and profusion of the shadows varied.
The size of the shadows varied between 1-4 mm;
most were 3 mm or smaller; an occasional shad-
ow reached 5 mm (4). Nodules generally were
irregular in shape, some being reticular or den-
dritic and occasionally round. The general distri-
bution in the lung fields was usually uniform for
the upper and fower lung ficlds (4). In earlier
cases shadows were round and small {perhaps
1-2 mm in size} and less dense. There were na
abnormalities of thoracic structure; hilar nodes
were not enlarged; mediastinal distortion did not
oceur; and there were no adhesions or evidence
of pleural thickening {4).

The presence of barytes within the lung is
not known to have any adverse effects upon
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health or life expectancy. On the other hand, tox-
ic effects occur with exposure to the soluble
forms of barium. There is currently no threshold
limit value for barium dust classified as inert or
as nuisance particulates by the American Con-
ference of Governmental Industrial Hygienists
(ACGIH).

Diagnostic Criteria

An accurate accupational history is neces-
sary in order to diagnose barium pncumaoconi-
osis. The marked density of opacities on chest
x-ray should suggest the possibility of baritosis.
When exposure to dust has been slight, or if there
are only a few opacities, the x-ray may be con-
fused with ather causes of dense lung opacities.
Among barytes miners where silica exposure is
common, X-ray changes may be duc to inhalation
of silica dust {10}

Baritosis is rare among workers today, found
usually in older or elderly workers who have left
the industry vears before. Sporadic new cases may
oceur, cspecially when men who were exposed
to dust for a number of years have a chest x-ray
taken for the first time (10).

Methods of Prevention

This is a rarc condition. Usual procedures
to reduce environmental cust levels are necessary.
Saluble barium compounds should be handled
carefully.

Research Needs

There are only 4 few reported cases of lung
involvement in humans. Experimental studies on
animals are limited. Further research in a multi-
tude of areas seems appropriaie.
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COBALT
Introduction

Cobalt is a silver-gray, hard, brittle, magnetic
metal obiained mainly as a by-product of other
metals, especially copper and silver {1)(16). It is
recovered from ares by smelting in blast furnaces
and then precipitated out as cobalt hydroxide;
this can be inhaled, resulting in an acute trache-
obronchitis (1). It has not been adequately deter-
mined whether cobalt 1s capable of causing
pulmonary fibrosis. Cases of pulmonary {ibrosis
in rungsten-carbide workers have been attributed
to cobalt constituents.



List of Causative Agents
(Manufacturing Provesses)

Cobalt is recovered as a by-product from
copper and silver mining. The most important
primary minerals which contain cobalt are
cobalite, smaltite, and linnalite (6). Cobalt is ob-
tained when copper-cobalt ores are reduced in
electric furnaces to a crude alloy which contains
about 33% to 44% cobalt mixed with iron and
copper (2). Digestion with hot sulturic acid
enables the copper to be removed to filtration
and the ferrous suifate to be oxidized {2). This
is then precipitated with chalk and finally fil-
trated. Cobalt oxides are producad trom the fil-
trate by adding sodium carbonate, leaching it
with an ammonium chloride solution, and reduc-
ing it to the metal by heating in hydrogen at a
temperature of 1,000°C. An clectrolytic process
can also be wvsed since deposits of cobalt are
harder than those of nickel (2).

List of Occupations and Industries Involved

Cobalt is used in the manufacture of alloys
with chrome, nickel, aluminum, copper, beryl-
lium, and molybdenum, especially in the elec-
trical, automobile, and aircraft industries (2).
Cobalr steels possess some of the properties of
nicke! and tungsten steel; its addition to steel im-
proves cutting qualities of tools (2)(6). A major
use of cobalt ts in the manufacture of pigments,
especially blues for colaring glass, enamel, pot-
tery glaze, and painls (6). Cobalt alloys are found
in jet engine parts; a cobalt-chromium molyb-
denum alloy, vitallium, is uscd in orthopedic
surgery because of its resistance to corrosion
from body fluids (6). Ferrous and non-ferrous
cobalt alloys are utilized for making powcerful
magnets capable of lifting loads 60 times the
weight of the magnet. Corrosion resistant steel
containing cobalt is used for safety razar blades
and surgical instruments. Cobalt is used as a
binder for tungsten-carbides and similar hard
cutting materials. Cobalt may be used as a
catalyst for promoting the oxidation of vegetable
oils in paints, Coball adds 4 hard and brilliant
surface in electroplating. Radioactive cobalt has
been used for treating breast cancer (2).

A list of occupations in which exposure to
cobalt may occur include: Catalyst workers,
ceramic workers, drug makers, clectroplaters,
glass colorers, nickel workers, paint dryer makers,
porcelain colorers, rubber colorers, synthetic ink
makers, magnel makers, and tungsten carbide

workers (16).
Epidemiology

While there have been reports of respiratory
symptoms and abnormal chest x-rays among
workers in the tungsten carbide industry, opin-
ion differs as to whether it is cobalt or tungsten
carbide that is the toxic agent (2). A study by
Lindgren and Ohman reported a worker who
died with evidence of marked pulmonary [ibrosis
and bronchiectasis (8). The cobalt content of the
working atmosphere dust was 2.8%. Higher con-
centrations of titanium and solfram were present;
therefore, it was not possible ro determine which
dust component was actually responsible for the
pulmonary fibrosis. Fairhall found no ill effect
except conjunctivitis and upper respiratory irrita-
tion in workers exposed to cobalt dust (3). Miller
and Davis reportcd three cases where chest x-rays
showed increased perivascular and peribronchial
markings and attributed this to cobalt {9). One
case improved after removal from exposure (9).
There is anecdotal data of similar cases show-
ing clearing of chest x-rays within 18 manths {9},
These cases are probably duc (o hypersensitivi-
ty reactions. Only a few workers were affected
and pure metallic cobalt did not produce similar
changes.

Estimate of Population at Risk and
Prevalence of Disease

It has been estimated by NIOSH that there
are approximately 260,000 workers exposed to
cobalt materials (19).

Pathology

Although cobalt is essential for animals’
nutrition, it is probably not essential 1o plants
(11}). It is found in trace amounts in all plants
except those growing on cobalt deficient soil
(10)(11). Anemia develops in animals fed a cabali-
free diet; it is reversed by adding cobalt (2).
Cobalt is important in the synthesis of vitamin
B, (12)(15)(18).

Acute pulmonary edema and hemarrhage
occur after inhalation of metallic cobalt or in-
tratrachceal instillation of soluble salts in animals
(2). Harding and Delahant found that cobali
metal dust was the most (oxic component of the
various mixtures of substances used in the tung-
sten-carbide industry (5). Repeated inhalations
of a mixture of 75% tungsicn carbide and 25%
cobalt produced pulmonary lesions while tung-
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sten carbide alone and other components of the
mixtures did not. Schepers reported a bron-
chiolitis oblitcrans following intratrachcal cobalt
metal instillation. Cobalt oxide exposed animals
developed interstitial pneumonitis and diffuse
granulomatous pneumonia (13). Fibrosis of
alveolar septa occurred along with bronchial and
bronchiolar epithelial cell hyperplasia, bron-
chiolization of alveolar ¢pithelium, marked meta-
plastic changes, and focal emphvsema and/or
arelectasis. Inhaled dust was phagocytized by
alveolar macrophages. The degree of pulmonary
changes in cobalt oxide exposcd animals general-
ly was a function of the cumulative exposure time
and was not significantly affected by cigarette
smoke. There was almost complete clearing by
one year (14).

In order to explain the lower toxicity of
cobalt oxide compared to cobalt meral, it was
suggested that cobalt oxide is converted to
hydroxyl groups in body fluid, whereas cobalt
metal releases cobalt ions (14). It has alse been
suggesied that the toxic effects of cobalt are
related to interference with oxidative metabolism
with fixation and loss of sulfhydryl compounds
in tissue (4}, Cysteine, intlerestingly, has a detox-
ifying effect on cobalt (4).

Kerfoot reporred anmimal inhalation studies
in miniature swines exposed to cobalt metal
powder (7). Pulmonary function testing demon-
strated a decrease in lung compliance while elec-
tron micrascopy showed increased septal colla-
gen accumulation. Wehner exposed hamsters to
cobalt oxide and produced acute pulmonary
changes (20). The concomitant addition of
cigarette smoke significantly increased the in-
cidence of tumors but not pneumoconiotic le-
sions. Histological sections showed chronic-
inflammatory cell infiltration of the alveolar
walls and focal accumulations of cobalt oxide
adiacent to bronchial and vessel walls.

Clinical Description

While there have been reports of respiratory
sympioms and abnormal chest x-rays among
employees in the tungsten carbide industry, opin-
ion on the actual incrimination of cobalt as the
essential toxic agent is conflicting (2). Acute con-
junctival irritation and cough from respiratory
irritation may occur after exposure {3}, An
asthma syndrome has also becn described (16).

Signs
There are no specific findings.
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X-rays

In general, there is no specific x-ray anomaly
reported for workers exposed to cobalt except
perhaps the changes described as increased
vascular or bronchial lung markings (9).

Diagnostic Criteria

There are no specific diagnostic criteria iden-
tifying cobalt exposed workers other than a com-
plete pccupational history.

Prevention

NIOSH has recommended a threshold limit
value of cobalt of 0.05 mg/m? {17).

Research Needs

The role of immunelogic factors in disease
causation needs to be studied further. The role
of cobalt in the pathogenesis of lung disease in
tungsten carbide workers needs to be better
defined.
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SIDEROSIS

Introduction

Iron is & malleable silver-gray metal found
throughout the warld, but it does not occur in
its native state except in melcorites. Inhalation
of metallic iron or iron compounds causes sider-
osis, a condition first described by Zenker in
1866 (1). Siderosis is a rclatively benign pneu-
moconiosis, characterized by large accumula-
tions of inorganic iron containing macrophages
in the lungs with minimal reactive fibrosis. In
its pure form, the condition probably does not
progress to true nodulation as secn with silicosis
and is usually asymptomatic. Siderosis is known
chiefly for the abnormal changes produced on
chest x-rays,

When iron is inhaled in conjunction with
other fibrogenic mincral dusts, pulmonary fi-
brosis results. This is referred to as mixed dust
pneumoconioses or silicosiderosis (22). The en-
tity known as hematite pricumoconiosis accurs
in tron miners who are exposed to iron oxide in
combination with free silica and silicates.

List of Causative Agents
{(Manunfacturing Processes)

Iron is the most common commercial metal
utilized in industry today. It melts at 1,525 °C and
baoils at 2,400°C, Very small additions of carbon
reduce the melting point. All commercially used
irons, except ingot iron and electrolytic iron, con-
tain some guantitics of carbon which affect its
propertics. Iron containing more than 0.15% car-
bon is termed steel. ron hardens when cooled
suddenly from a red heat and when pure is very
ductile. The addition of small amounts ot sulfur
(as little as 0.03%) causes it 1o become “hot-
short™ or brittle when red hot (3). As little as
0.25% phosphorous makes iron “cold-short™ or
brittle when cold. Tron is capable of forming car-
bonates, chloride, oxides, sulfides, and other
compounds. It oxidizes easily under atmospheric
conditions and is rcactive to many acids. Reduced
iron has special chemical uses and is made by
reducing iron oxide by heating it in a stream of
hydrogen.

Iron ores are ivon-bearing minerals from
which iron can be extracted on a commercial
scale (3). Chief iron ores in order of importance
are hematire, magnetite, limonite, and siderite,
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The greatest producers are the United States,
France, Russia, Great Britain, BRrazil, and Ger-
many. More than 90% of the iron ore mined in
the United States is red hematite (Fe.0,) which
thearctically contains 70% iron but usually not
over 60%. Ores containing more than 50% iron
are considered high grade. Pulverized hematite
1s used as a paint pigment, “Indian Red?” Mag-
netite or magnetic ivon ore {Fe(r.Fe,(3;) is found
in northern New York, New Jersey, and Penn-
sylvania and theoretically contains 62.4% 1ron;
it also contains some nickel or titanium. A nar-
ural magnet known as lodestone is a magnetite.

Siderite, the chief ore in Great Britain, is an
iron carbonate (FeCQ;) theoretically containing
48.2% iron, but perhaps morc likely 35% iron.
Limonite, or brown hematile (2Fe.0,.3H.Q) is
formed by the water solution of other iron
minerals, and theoretically contains 59.8% of
iron but usually 30% to 55%.

Emery is a naturally occurring rock which
contains approximately 50% aluminum oxide
(corundum), 30% hematite or magnetite, and a
remainder of complex aluminum salts €2). It is
frequently used as an abrasive, although synthetic
materials are now also used. Emery was used by
ancicnt Egyptians for hollowing stone vessels and
cutting stone blocks and has been used since
classical times for polishing marble. A pneu-
moconiosis has been deseribed in metal polishers
using emery (2).

Silverware is polished with “rougd” or
“crocus,” both of which contain iron oxide
powder. The powder is applied either by hand
or by a mechanical polishing wheel called & “dol-
1¥* A type of siderotic lung disease found among
silver polishers has also been described (20).

Ocher has important coloring propertics and
qualities with such varied industrial applications
as manutacture of varnish, lacquer, and linc-
leumn. Qcherous matcerial consists of sand mix-
ed with clay and ferrous oxide, the latter giving
ocher its yvellow color, The clay consists of iron
silicates or a mixture of silicates of aluminum
potash or soda. The pereentage of pure silica in
clay is variable, but typical ocher contains abour
17% iron oxide, 51% silica, and 23% aluminum
oxide. Individuals who work with ocher or han-
dle ocherous maierials arc thus exposcd to dust
which is composed mainly of silica and iron (23).
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Industries and Occupations Involved

QOccupational exposures 1o iron occur dur-
ing mining, transporting, and prcparing of ores;
during the production and refining of metals and
alloys; or while using certain iron-containing
minerals. Exposure to dust of metallic iron and
iron oxide mayv occur in a4 number of industries
and processes {23). Metal strips in iron and steel
rolling mills are agitated causing the production
of rust and iron-scaled dust.

Steel grinding generates metallic dust. Weld-
ing processes utilizing eleciric arc and oxya-
cetylene torches produce iron oxide fumes (7)(13).
The fume concentration may be very high for
welders working in confined and poorly ven-
tilared spaces such as tanks, boilers, and hulls
of ships. Polishing of silver and steel often re-
guires using iron oxide powder in a fincly divid-
ed state, usually a specifically pure form of fer-
ric oxide referred to as “rouge” or “crocus” (1).
Ferric oxide is also used to polish plate glass,
stone, and cutlery. Occupations such as fetiing,
chipping, and pressing castings in iron foundries
are particularly risky jobs for developing x-ray
changes. Siderosis may occur alone, but many
times iron is mixed with silica causing a mixed-
dust tibrosis ar typical silicosis. Boiler scalers
clean fire boxes of flucs and water tubes in
enclosed spaces in boilers of ships, factories, and
power stations, High concentrations of dust may
be generated which contain iron and perhaps car-
bon in coal-fired but not vil-fired boilers. Silicate
and smal! quantities of quartz may also be pres-
ent (tom the coal utilization; while siderosis alone
may be produced, mixed-dust fibrosis also oc-
curs. Mining and crushing of iron ore is another
occupational source of iron exposure (22). High
concentrations of emery dust have been reported
during the manufacture of emery cloth and pa-
pers, in the setting up of polishing wheels, mops,
and abrasive paste, and as a wear-resisting com-
ponent of concrete floors. Emery consists of fine
crystals of aluminum oxide embedded in a matrix
of iron oxide. It is an impure variety of the
mineral corundum (Al:Q) which, next to dia-
mond, is the hardest natural mincral known.
Mining, pulverizing, and mixing natural minerals
such as hemarite, limonite, and magnetite may
result in significant exposures (16)(20). Sidcrosis



may occur in workers who pulverize and mix
natural pigments or prepare synthetic pigments
{23).

Epidemiology

Prolonged inhalation of fumes originating
from melting or boiling iron materials during arg
welding or oxyacetylene cutting may result in
siderosis (3-8)(11-13}. In some reported cases,
clinical impairment and abnormal pulmonary
function tests have been reported (22). Silver
polishers (1)(19), iron ore workers (9)(15)(22)(27),
workers exposed to emery dust (2), foundrv
workers {11), magnetite workers {16)(20) and
others (25) may develop siderosis secondary to
prolonged exposure to various iron-containing
malerials. In general, pulmonary fibrosis occurs
only when there is an associated fibrogenic dust
component, such as silica, also present in the
work environment (Sce section on mixed dust
pheumoconioses).

Estimate of Population at Risk and
Prevalence of Disease

NIOSH estimates approximately 5 million
individuals are currently exposed to iron and iron
compounds (28). This includes approximately
2,700 iron ore miners and more than 4 million
other workers exposed to iron oxides. The preva-
lence rate for siderosis among welders was re-
ported to be 17.6 per hundred in a survey at a
Sheffield steel foundry (11). The mean age of
discas¢ onsct was 46.4 years with the majority
of cases occurring in individuals 40 vears of age
and older; cases were also reported in workers
less than 35 years of age. In the same study, the
mean onsct age for silicosis was 52.2 years.
Average vears of exposure was 21.9 vears for
welders with siderosis, 31.7 years for workers
with silicosis, and 33 years for individuals with
coal workers’ pneumoconiosis. Hunnicutt, et al.
reported x-ray changes occurred in 34% of elec-
tric arc welders (14). Data on prevalence of
disease is not available for other occupational
causes of siderosis.

Pathology

In the pure form of siderosis, gross patho-
logic examination demonstrates no obvious
underlying fibrotic disease. The visceral pleural
surrace is rust or brick-red in color. The lung,
when cut, has a brownish surface on which are
superimposed darker macular areas 1-4 mm in
diameter. In some areas it is difficulr to iden-
tify individual macules, many appearing to blend

together or with surrounding pigmented fung
tissue.

Microscopically, iron particles are seen to
accurnulate mainly around small vessels and
bronchioles. When the dust burden is large many
alveoli may be completcly filled with brown pig-
mented macrophages containing iron. Iron may
also lie free within alveolar spaces. There may
be a slight reticulin response to the dust, but even
in the presence of large quantities of iron pig-
ment, fibrosis is notable by its absence (23).

Hematite Miners Lung

Lung disease has been particularly prevalent
among hematite miners since the introduction of
the pneumatic drill in 1913, Hematite pucumo-
coniosis results from the inhalation of dusts from
pulverized siliceous rock containing both iron
and [ree silica particles (26). Stuart and Faulds
divided the hematite lung into three pathologic
types: diftuse, nodular, and massive fibrotic (27).
The diffuse variety is characterized by a brick-
red colored lung surface with superimposed dark-
er dust foci and surrounding centrilobular em-
physema. [f has been likened to the simple form
of coal workers' pneumoconiosis (26). The nodu-
lar type is characterized by dark, reddish-black
fibrous nodules up to | ¢cm in diameter located
primarily in the upper zones of the lung.
Thickening of the pleura was noted in many
cases. Microscopically, the Icsions have a con-
centrically whorled collagenous center surrounded
by iron containing macrophages and thus closc-
ly resemble silicosis. The legions of massive
fibrosis in hemalite lung are similar to those seen
in coal workers’ pneumoconiosis and silicosis.
They are usually contined to the upper lobes and
have sharply demarcated borders. Dense pleural
adhesions arc common and the fibrotic mass may
encroach and obstruct pulmenary vessels and
bronchi.

In general, the greater the amount of pul-
monary fibrosis, the greater the lung tissue silica
content (9).

Other Pneumoconioses Characterized by
Heavy Exposure to fron Containing Dusls

A type of pneumoconiosis has been de-
scribed in lungs of silver polishers exposed 1o
large amounts of iron oxide {rouge) in polishing
material. The lesions mcluded massive fibrosis
despite the absence of silica in the dusts (1)(26).
Pulmonary lesions have also been described in
ocher workers simulating nodular silicosis, with
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Figure [-44
Source: Maorgan and Kerr {21).

extensive fibrosis and necrosis (25).

A number of investigators have described
postmoriem changes in electric arc welders
(G2 AR, On gross examination,
the lungs are dark and appear anthracotic. Mi-
croscopically, the perivascular and subpleural
alveoli are filled with macrophages loaded with
coarse black granules of iron oxide. In the ma-
jority of cases examined, pure iron oxide alone
was not thoughlt o be responsible for the fibrosis
(7(13). X-ray changes noted in arc welders are
caused by radiodense iron-oxide depaosits within
alveolar, septal, and perivascular walls.

Morgan and Kerr obtained lung biopsies in
four welders with siderosis {21). There was an
absence of fibrosis despite the presence of large
amounts of iron in the distal air passages and
lymphatics, The iron content of lung tissuc was
reported to be 15 1o 20 times greater than nor-
mal values. It appears that the nodular x-ray ap-
pearance resulted from the deposition of iron in
the perivascular lymphatics (see Figure 11-44),

Levy and Margolis reported a case of a gas-
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torch cutter with siderosilicosis, diffuse interstitial
fibrosis, and highly atypical alveolar epithelium
(17). Studies of lung tissue from an autopsy of
a 58-ycar-old arc welder with arc welder’s pneu-
moconiosis emphasized the diagnostic usefulness
of scanning electron microscopy combined with
backscatiered electron imaging and x-ray analysis
for in situ identification of mineral dusts (12).

Clinical Description

Diagnosis is largely dependent on obtain-
ing an appropriate occupational history, dem-
onstrating airborne iron dust in the work en-
vironment, and obtaining a chest x-ray compati-
ble with the findings of siderosis. The worker is
rarely symptomatic and usually is unaware of his
disease until the chest x-ray is obtained. The
changes noted on x-ray may be difficult to dis-
tinguish from simple silicosis {22} Nodular
opacities are well circumscribed but may appear
morc radiodense than typical silicotic nodules.
Aggregation of nodular shadows does not occur,
and the x-ray shadows may resolve if there is no



further exposure to iron oaxide dust. Pulmonary
function tests are rarely abnormal (22).

Diagnostic Criteria

Diagnosis is dependent upon an appropriate
oceupational history which documents the iron
oxide dust and the characteristic chest x-ray find-
ings. The recent application of magnetopneu-
mography to the study of the pneumoconioses
may be a valuable tool for the documentation
and quantification of ferromagnetic mineral
dusts in human lungs (10).

Methods of Prevention

The siderosis that occurs in welders is usual-
ly seen in those individuals who work indoors
in poorly ventilated workrooms. Exposure can
be reduced by proper ventilation or by having
the employees work outside. In general, control
of dust levals requires the same procedures and
techniques described for silica,

Research Needs

More sophisticated physiologic testing, in-
cluding measurement of the lung’s mechanical
propertics, is required to better document lung
function changes that may occur following in-
halation of iron-containing dusts. fn vitro studies
or animal experimentation might be helpful in
determining dosc-response relationships, under-
standing lung clearance mechanisms for iron,
and elucidating any fibrogenic properties of
variaus ferrous compounds.
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SILVER

Introduction

Silver {Ag) is a white, very malleable and
ductile metal which is classified as a precious
metal. The chief effect of excessive silver absorp-
tion is argyria, the local or generalized impregna-
tion of tissue with silver. This normally does not
produce a recognizable disturbance of health.
The inhalation of dust containing silver may
result in pathologic changes by combining with
proteins in the lung and causing the elastic tissue
to be stained black. Because of this, silver is
regarded as a form of pneumoconiosis, although
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no clinical, physiologic, or x-ray changes occur
in individuals exposed.

List of Causative Agents
(Manufacturing Processes)

Silver is present in many ores, the most im-
portant being argenite {Ag.S). It is estimaled to
be present in the earth’s crust in amounts of
about (.1 gm per ton (3). Copper, lead and zinc
ores frequently contain small amounts of silver.
In fact, about 70% of all production of silver
is a by-product of the refining of these metals,
Mexico and the United States produce more than
half of the silver in the world (2). Nearly 99%
of the silver is produced in Arizona where it orig-
inates from copper ore; most silver produced in
California is a by-product of gold quartz mining.

Silver can be extracted from ores by a cyva-
nide process in which the crushed ore is ground
into cyanide solution, the resultant pulp agitated
by jets of compressed air, and the silver precip-
itated by the addition of a zinc dust emulsion
(3). A second method is based on the greater af-
finity of zinc than lead for silver present in lead-
silver ores. There is also an electrolytic process
where silver is recovered from the anode slimes
obtained in electrolytic lead refining (3).

Because silver is such a soft metal, it is not
normally used in industry in its pure state; it
must be alloyed with a hardener, usually cop-
per. Sterling silver is the name given to a stan-
dard high-grade alloy containing a minimum of
925 parts silver per 1,000,

List of Occupations and Industries Involved

Silver has many uses including: the manu-
facture of silverware and jewelry; in alloys with
copper to increase sirength and hardness; with
aluminum in the manufacture of scientific instru-
ments; with cadmium and copper in automobile
bearing alloys; with lead to increase corrosion-
resistance to sulfuric acid; with lead and an-
timony in grids for storage batteries; and with
chrome-nickel and steels, especially steel dies (3).
It is also used in solders and brazing alloys; as
bearing linings in air-cooled aircraft engines; in
manufacturing pipes and valves; in pasteurizing
¢oils and nozzles; in milk, cider, and brewing
trades; in the acetate rayon silk industry; in
application of metallic film in glass and ceramics;
as an electroplated undercoating for nickel and
chrome; in photography; and as a bactericide (3).
Jewelers’ rouge is used for polishing and the dust



generated during polishing consists of silver and
iron oxide particles (9). Silver is also used as
busbars and winding in electrical plants, in dental
amalgams and as a chemical catalyst in the syn-
thesis of aldehydes (10). Some of the compounds
are of medical importance as antiseplics or as-
tringents and in the treatment of certain diseases,
parlicularly in veterinary medicine,

Some occupations in which exposure may
occur include:

alloy makers

ceramic makers

chemical laboratory workers
drug makers

food product equipment makers
hair dye makers

ivory etchers

organic chemical makers
silver polishers

bactericide makers

coin makers

dental alloy makers

electric equipment makers
glass makers

hard solder workers

mirror makers

photographic workers

water treaters

Epidemiology

There are only individual cases of argyria

reported and only limited epidemiologic studies.

Estimate of Population at Risk and
Prevalence of Iisease

There are probably too few workers to pro-
vide any estimate of any accurate prevalence or
population at risk, although estimates from cen-
sus data and disease prevalence studies suggests
that there are potentially 60,000 exposed workers.

Pathology

No human pathological material has been
adequately described. Implantation of small
silver particles into the skin may cause perma-
nent skin discoloration (10). Silver nitrate dust
can cause skin irritation, as well as conjunctival
burns leading to blindness (10). There may be
resultant pigmentation of the skin, eyes, nasal

septum, and tonsillar pillars. Once silver enters
the body, very little is excreted (10). Studies on
the occurrence of argyria following injection of
silver arsphenamine reveals development of
observable disease with a total dose of 0.9 gms
of sitver (10). Argyria may develop in workmen
who inhale or handle silver oxides or salts (ni-
trate, fulminate, or ¢yanide) (10). In workmen
who are affected, there are no constitutional
symptoms, but there may be permanent pigmen-
tation of skin and eves. When biopsies of nasal
or bronchial tissue have been made, tissues have
been found (o be heavily laden with particles of
silver salts which have also been noted to be scat-
tered along lymphatics (3). Additionally, the
bronchial mucous cells have revealed basal mem-
brane deposits.

The inhalation of metallic sifver by silver
finishers using “rouge” (an iron oxide) caused
a finc granular pigmentation of the elastic fibrils
in the alveolar walls (7). Hardin described a
63-year-old man who spent all of his working lifz
as a silver finisher (6). At autopsy, histology sec-
tions of lung tissue showed some subpleural and
periarterial fibrosis. A great deal of pigment was
present in and around the areas of fibrosis, some
within alveoli. There were perivascular aggregates
that showed no fibrosis. Incinerated sections of
lung tissue showed that most of the pigment was
iron, but with silver deposited an clastic laminae.
The amount of silica seen by polarized light was
small and appeared to be no more than in nor-
mal controls, Chemical examination of lungs
show that ash constituted 8.38%; iron (Fe.O;)
3.53%; total silica 0.22%: free silica nil; and silver
{as metal} 0.36% of the dry weight (6). It was
suggested this worker was particularly sensitive
to the presence of the inhaled iron oxide which
caused the pulmonary fibrotic changes. However,
the amount of fibrosis in the lungs was small and
the fibrotic areas, noted only on microscopic ex-
amination, were well separated.

There have been other repuorts of silver fin-
ishers in which heavy loading with iron oxide was
not accompanied by pulmonary fibrosis (1){7).
Furthermore, iron oxide used in the finishing of
silver and silver-plated articles did not produce
fibrosis in the lungs of experimental animals

(3NDS).
Clinical Description

There are no clinical signs, svmptoms, or
specific chest x-ray findings that result from the
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inhalation of silver. Diagnosis is made by oc-
cupational history and by noting the discolora-
lion that may occur on the skin and mucous
membrane of conjunctiva. Characteristically, the
workmen’s faces, hands, and arms develop a
dark slatc-gray color which is uniform in dis-
tribution and varies in depth depending an the
degree of exposure, There may also be discolora-
tion of the fingernails, bronchial mucosa, and
toenails. Covered parts of the body are affected
to a lesser degree by the discoloration process
(10). Dust may be deposited in the lungs and pro-
duges no fibrosis. There is no specific treatment
for this condition.

Diagnostic Criteria

Diagnosis depends on an occupational his-
tory and the presence of skin, mucous mem-
branes, and conjunctiva discoloration. Chest x-
ray is not abnormal. Urine silver analysis is not
helpful because very little silver is excreted in the
urine. Argyrosis of the respiratory tract with
generalized argyria has been described in two
men who were employed in the manufacture of
silver mitrate (8). There were symptoms of mild
chronic bronchitis, but there was no discolora-
tion of the skin, eves, or mouth. Nasal mucosa
showed bilateral symmetrical dark pigmentation
of the walls of the middle and upper regions. In
the more severe case, bronchoscopy showed
isolated plaques of pigmentarion at the tracheo-
bronchial bifurcation and uniform zones of
grevish-yellow coloration around the orifices of
the smalier bronchi, but the intermediate bron-
chi remained free. Biopsy of the nasal or bron-
chial mucous membranc demonstrates deposi-
tion of silver.

Research Needs

More studies are necessary, but may be
limited because of the cost of conducting animal
experimentation.
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MIXED DUST PNEUMOCONIOSES
(Iron and Other Compounds and Silica)

Introduction

Mixed dust fibrosis—a term first coined hy
Uehlinger in 1946 and adopted by Harding,
Gloyne, and McLaughlin in 1950—is applied to
pulmonary lesions caused by the inhalation of
silica dust (or a fibrogenic dust) in combination
with other (usually nonfibrogenic) dusts (7). Mix-
ed dust fibrosis does nat include lung disease
which occurs when the dusts are inhaled sep-
arately and at different times. In the majority of
instances, dusts of iron or its compounds are in-
haled along with silica. The term nonferrous re-
fers to alloys containing a copper (brass, bronze,
and gunmetal), aluminum, or magnesium base.



List of Causative Agents
(Manufacturing Processes)

Mixed dust pneumoconioses occur in in-
dustries where there is exposure to dust combina-
tions. This includes crystalline silica in combina-
tion with nonfibrogenic dusts; iron and iron prod-
ucts; and brass, bronze, aluminum, or other non-
ferrous alloys.

List of Occupations and Industries Involved

Mixed dust pneumoconioses occur in in-
dustries where there is exposure to both free silica
and (o iron or iron products. This includes iron,
steel, and nonferrous foundries; hematite min-
ing; cleaning and scaling of boilers; electric arc
welding and oxvacctylene cutting (when con-
comitant exposure to silica dust is present); and
potteries (14).

Epidemiology

Steam-driven ships periodicaily require dock-
ing in order to have their boilers sealed and
cleaned. Men emploved full time in this occupa-
tion must work in confined spaces, crawling along
with lamps and hammers, chipping off scales as
they go, and often working in a hot atmosphere
(8). Considerable amounts of dust are created
from the brecaking off of scales deposited in the
boilers and from flue dust in the fire tubes
originaring from the use of coal and other fuels.
Silica content of flue dust has ranged between
6.1% and 26.4% (3)(10). Pncumoconioscs has
been reported in these workers (8).

Brass and bronze molders and casters work-
ing with sand molds may inhale mixtures of dust
sand fumes (9). The sand that is used has a lower
free silica content {about 80%) than the sand
used for steel casting (about 95%), becausc the
temperatures used for nonferrous metals are
iower than those used for steel and iron and the
melting temperatures are different. Fettlers who
remove burnt-on sand from castings have signifi-
cant dust exposures, High levels of dusts are also
generated during the application of parting
powders and molding dress, exposing molders
and casters who perform this work. Before 1950,
parting powders had high silica concentrations
(9). There are other exposures including dusts
and fumes of various metal oxides including
zing, tin, and lead. It has been reported that
mixed dust fibrosis occurs sooner in iron fettlers
than brass fettlers because the melting tempera-
ture of iron is higher than that of brass and there

is, thercfore, more burnt-on sand found on iron
castings (9).

Estimation of Population Exposed

The 1976 Metal Casting Industry Census
Guide reported that there were 4,938 foundries
in the United States employing 490,000 people
with a total capacity for produacing 33,700,000
tons/year of ferrous and nonferrous castings (5).
Of the large numbers of foundry men casting fer-
rous alloys, almost half of them worked in foun-
dries emploving 100 and 500 people, while the
majority of nonferrous foundry men worked in
foundries emploving less than 100 people (5).

Pathology

In mixed dust poncumoconioses, the gross
appearance of the lungs reveals a thickened
pleura, possibly with evidence of underlying
fibrotic masses and accasionally bullas. On sec-
tioning the lung, punctate, irregular, or stellate-
shaped areas of fibrosis are noted which vary in
stze from 3-4 mm. Occasionally larger and more
confluent masses are seen, but typical silicotic
nodules are not seen. When changes similar to
progressive massive fibrosis occur, the lesions are
pigmented brick-red color in ¢ontrast 1o the
black-pigmented lesions of coal workers' pneu-
moconiosis. The varying sized lesions are more
numerous in the upper lobes.

On microscopic cxamination, particles of
iron and silica are identified accumulating within
alveolar walls and adjacent to respiratory bran-
chioles and small arterics. (Also see Pathology
section of Siderosis chapter page 423.) The
amounrt of pulmonary fibrosis occurring seems
to be determined by the amount of quartz pre-
senl. Fibrotic lesions dre seen surrounding bron-
chioles and small vessels. There may be oblitera-
tion of surrounding alveoli, Individual fibrotic
lesions are irregular in shape, perhaps sicllate-
shaped, and are not concentrically nodular such
as seen in silicosis. T'he lesions have a character-
istic “Medusa head” picture (14). When silicolic
nodules are present, the nodular components are
said to appear immarture (14}, In addition to
guartz dust, carbon, iron, and other metallic dust
particles arc present in large gquantilies within
lung tissues. When progressive massive fibrosis
lesions occur, they contain a great deal of dust
which is randomly arranged and extra-cellular
in location (4)(133(14). Contraction and distor-
tion of tissue may produce irregular emphy-
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sematous scars and bullae. In hematite miners,
the lung tissue contains hematite, silica, and mica
(4)(14). Silica makes up perhaps 4% of the total
dust with greater quantities noted in lungs con-
laining more fibrosis (4).

Mixed dust fibrosis appears (o be a modifi-
cation of the effects of small quantities of free
stlica by the accompanying nonfibrogenic dust.
[ron oxides, for example, have been shown to in-
hibit the fibrogenic effects of quartz (11).
Hematitc produced no fibresis when adminis-
tered to experimental animals (1). Organic iron
(as ferritin) engulfed by alveolar macrophages
may shorten a cell’s life and cause disruption of
the cell and rclease of collagen-stimuiating sub-
stances (2). [t is not clear whether iron influcnces
collagen formartion but, experimentally in mix-
tures, it inhibits the librogenic potential of quartz
(14).

Nagelschmidt c¢xamined 144 lungs with
mixed dust fibrosis and reported that the con-
centration of iron oxide per pair of lungs varied
between 9-45 gms (13). The average lung dust
composition was approximately 80% hematite,
5% quartz and 15% mica. The amounts of dust
found in the lungs with massive fibrosis ranged
between 30-85 gms, perhaps two to three times
as high as the dust content of the lungs of coal
mincrs, Gerstel found that the total iron oxide
content of the lungs of silicotic coal miners, lead
and zinc miners, iran ore miners, and ceramic
workers ranged between 0.4-5 gms (6). In some
cases of fibrosis there may be as much as 100
gms of dust with little ar no silica (13).

[n order to demonstrate the relationship
between the total dust and quartz concentration,
Nagelschmidt plotied the average amount of
quartz against the average amount of total dust
in lungs of individuals who died with pulmonary
fibrosis (13). Included were coal miners, foun-
dry workers, hematite miners, and quartz-free
massive fibrosis.

Mixed dust fibrosis accompanied by areas
of facal cmphysema are common findings in non-
ferrous (mainly brass) foundry workers as well
as iron and steel foundry workers ($). Whorls of
silicotic nodules are occasionally found. There
is a rough correlation berween the pereentage of
free silica present and the amount of fibrosis.

Clinical Description

The clinical picture of mixed dust fibrosis
is similar to that found in nodular silicosis.
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Nodular apacities appear on chest x-rays
resembling silicosis or coal workers’ pneumo-
coniosis. When larger opacitics oceur, they are
usuvally found in upper and mid zones and may,
on occasion, be confused with tubcrculosis.
Large, well-circumscribed opacities similar (o ¢con-
glomerate masscs in complicated silicosis rarely
occur. Calcification does not occur in lesions
unless caused by tuberculosis and egg-shell
calcifications of hilar lymph nodes are seen.
Small radiodense opacities may also be present
in iron foundry workers or occupations where
iron dust is inhaled (7)(12)(14).

In siderosis, as in nonfoundry welders, silver
linishers, etc., aggregation of nodular shadows
is not seen (12). The x-ray shadows even resolve
if there is no further exposurc to iron oxide dust
(16). By contrast, in mixed dust fibrosis, when
nodular shadows are seen, the lesians may coal-
esce and remain cven if workers are removed
from exposure
Diugnostic Criteria

Diagnosis is dependent upun an appropriate
occupational history which documents the mix-
tures of dust, especially iron and silica, and (he
characteristic chest x-ray findings.

Prevention
This is much the same as in silicosis.
Research

Well controlled epidemiologic studies ac-
curarely documenting environmental dust mix-
tures are needed. Animal and (#vitro studies
comparing the effects of ferrous and nonferrous
materials on the fibrogenic praperiies of silica
seem appropriate. Newer developments in alveo-
lar macrophage technology would allow proper
investigations of the effects of mixed dusts on
these cells.
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MISCELLANEQUS
PULMONARY REACTIONS

Bakolite Pneumoconiosis

Bakolitc is a phenaolic plastic obtained by the
polymerization of phenol and farmaldchyde by
heat and pressure (17). It has multiple industrial
uses, but is particularly used in electric and
telephone equipment. There are several reports
of nodular chest x-ray changes occurring in
workers exposed to bakolite dust along with
other organic dust {1)(17). Pulmonary granulo-
matous lesions have been reported in two workers
exposed to bakolite dust {17). One was a cabinct
maker exposed to bakolite dust during a polish-

ing procedure of exotic wood for threg vears; the
second was exposed for 15 vears to bakolite ob-
jects used for electrical appliances. Chest x-ray .
showed bilaterally diffuse mottling and enlarg-
«d hilar lvmph nodes. Onc casc showed evidence
of interstitial fibrosis. On pathological examina-
tion rhere were sarcoid-like granulomas noted.
The granulomas were characterized by intracell-
ular inclusions which gave a positive chemical
reaction for phenol compounds. [n an animal
maodel, pulmonary tibrosis was noted 1o develop
(17). Turther studies are necessary in order o
determine the significance of these findings.

Manganese

Manganese is a silvery-while metal bor as
usually prepared is reddish-gray in color, brittle,
and intensely hard. The most important ore is
pyrolusite or black dioxide MnQ,). Less impor-
tant manganese minerals include; braunite,
Mn.(); H-O and hausmannite, Mn,O,. It also oc-
¢curs as a sulfide (hauseritc) in a manganese
blend; as a carbonate in managesestat; and us
a silicate in tebhrorite, kneblite, and rhodomite
(6).

Mangancse 1s widely distributed in rhe
earth’s crust and is calculated to be the twelfth
most abundant element (25). Chief countries
supplying ores arc Russia, India, South Africa,
Ghana, Brazil, and Marocco. The ores found in
the United States are of low grade quality (6).
The mining of manganese can result in signifi-
cant dust exposure, particularly during drilling
with pneumatic drills (25). Grinding of ores is
responsible for a great number of manganese
poisening cases (25).

Manganese is used in steel manufaciuring
and as a part of alloys with copper, aluminum,
magnesium, and iron. More than 90% of the
manganese used in the United States is found in
the production of steel and iron (25).

Poisoning has been reported to occur among
workers making ferromangancse alloys; during
crushing and screening of ferromanganese; and
among arc welders burning steel containing low
concentrations of manganese {25). Crane oper-
ators in a vicinity of manganese ore smelting may
also be affected. Manganese dioxide ores are used
in the chemical industry for the production of
hydroquinone, potassium permanganate and man-
ganese sulfate. Manganous oxide (MnQ) is add-
ed ro animal and poultry feed. Dry-cell batteries
use manganese dioxide as a depolarizer in a cell
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for the readily obtained oxvgen it contains. Cases
of poisoning have occurred among workers in
the dry-battery industry (8). Chemicals contain-
ing manganese are used in the ceramics industry
to color glass, face brick, and ceramic products.
Welding rods and Nuxes contain manganese, Man-
ganese dioxides and other compounds are used
in the manufacture of dyes, paints, varnish,
drvers, fungicides, and pharmaceuticals. Man-
ganese compounds may be added to chemicals
used as smoke inhibitors, as additive to fuels, and
as oil and anti-knock additives to gasoline sup-
plementing lead anti-knock compounds.

[t has been estimated by NIOSH that ap-
proximately 168,0(0) workers are exposed to man-
ganese compounds (26},

The two major toxic pathologic effects of
manganese relate to a chronic central nervous
system disorder similar to Parkinson’s discase
and manganese pneumonia. [n the early part of
the century, Brezina reported 5 cases of death
from pneumonia among 10 manganese workers
in an Italian pyrolusite industry in 1929 (25). An
epidemic of lebar pncumonia was reported from
Norway in 1939 (23). Smoke from a ferroman-
ganese smelting plant conlaining silica and
manganesc oxides polluted a town. During the
vear with heavy pollution, lobar pneumonia ac-
counted for 32.2% of all deaths in the communi-
ty. Corresponding figures for all of Norway were
3.65% (25). The incidence of pneumonia among
men exposed to manganese oxide dust as part
of the manufacturing ot potrassium permanga-
nate was 36 times bigher than an unexposed com-
parison group (14). Confirmation of human
studies 15 born out by inhalation studies of mice
which reveal that mangancsc is toxic (O res-
piratory ¢pithelium and produces an intense in-
terstitial inflammatery response (14). Studies on
guinea pigs also confirm that the toxic effect of
manganese dioxide dust might augment con-
comitant respiratory infections (28). Manganese,
in combination with candida albicans, caused
pulmonary fibrosis (28). However, exposure {0
MnO. dust did not significantly affect rat lung
enzymes or microsemal fraclions cven though
manganese was significantly increased in tissues
remote from the lung (indicating translocation
of dust from intrapulmonary locations) {21).

In acute mangancse pnewrnonia, symptoms
are similar to other types of pneumonia. There
are no characteristic pulmenary function or x-
ray changes. Diagnosis depends on careful oc-
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cupational history and appropriate clinical
picture,

Polyvinyl Pyrolidine (Thesaurosis)

Individuals exposed to hair lacquer sprays
may develop a lung disease known as thesaurosis.
There are three basic types of hair sprays. These
include polyvinyl pyvrelildone (p-type) where PVP
Is combined with trichlorfluoromethane and
dichlorfluoremecthane as acrosol propellant in
metdl dispensers; shelactitie made of dewaxed
shellac mixed with castor oil in some sort of
acrosol propellant in metal dispensers; and a mix-
turc of the two (16). Workers most likely to be
affected are beauticians or hairdressers. However,
men and women using or children playving with
hair sprays may also be exposed.

Disease attributed to hair sprays have includ-
ed interstitial fibrosis, hilar adenopathy, and sar-
coid or foreign body-type granuloma (2)(3)
(9)(15). PAS positive intracytoplasmic granules
have been identified within macrophages, lung
tissues, and lymph nodes (3), However, similar
staining granules have been reported in sarcoid
and other granulomatous diseases. Chemical
analyses of lung tissue have not demonstraied
PVC which is readily soluble in water and chem-
ically inert (16). It has been suggested that
lubricants in PVP or in the mixed sprays cause
the pulmonary lesions and not the PVP itself (7).

X-ray surveys performed on a large number
of hairdressers have not demonstrated any signifi-
cant pulmonary discasc ascribable to spravs
(10)(12). In cascs where lung disease has been
reported, the average duration of exposure before
diagnosis of disease was approximately 2.9 years,
ranging from six months (o eight years (9). The
yvoungest patient was eight vears of age (9).
Symproms described were nonspecific and in-
cluded exertional dyspnea, cough, and accasional
fever. Chest x-rays revealed patchy or linear
opacities; occasionally hilar lymph nodes were
enlarged (9). When sprays were discontinued,
chest x-rays have shown clearing of lesions within
six months, but in a few it has taken as long as
two vears (9).

Titaninm

Titanium, present in a variety of minerals,
1s an abundant element. It is considered rare
because it is difficult to separate. It is used us
ferrotitanium for deoxidizing and denitrogeniz-



ing steel and in alloved steel to increase tensile
strength, toughness, and hardness. [n chromium
steel it mintmizes intergranular corrosion {(4).
Titanium oxide is used as a paint pigment while
titanium tetrachloride has been used tor mak-
ing smoke screens and for skywriting. Titan-
ium tetracarbide is used with tungsten carbide
for the manufacturing of tools (8). There is one
report that titanjum oxide may cause radiograph-
ic changes, similar 1o those seen following inhala-
tion of iron or tin, without functional impair-
ment (20).

Vanadium

Vanadium is obtained by roasting the ores
from the thermal decomposition of 1odide or
petroleum residues, from slags resulting trom fer-
rovanadium produclion, or from soot obtained
by vil burning (24}, Because high temperatures
are necessary and vanadium has a tendency to
reoxidize, pure vanadium is difficult to obtain,
even on a small scale (11)., Vanadium is found
in combination with other elements in rocks and
some peiroleum deposits because the blood of
certain fossilized remains consists in part of
vanadium (16).

Vanadium ore is crushed and dried and then
finely ground and roasted. After mixing with
sulfuric acid, the resulting precipitate is dried as
vanadium pentoxide and packed in bags. Roast-
ing and bagging processes produce the most dust;
grinding and crushing produces less (16).

Yanadium is used in the steel industry be-
cause of its powerful oxidizing capacity, ability
to increase hardness, malleability, and resistance
to fatigue. It is used as a catalyst in the manufac-
turc of phthalic anhydride and sulfuric acid and
in the oxidation of ammonia and nitric acid.
Vanadium is used for the manufacture of dyes
and inks, paints and varnish dryers, insecticides,
and in photography, Animal studies indicate the
pulmonary effects of vanadium are primarily
irritant in nature {18)(19). Animals exposed to
vanadium dusts develap profusce mucoid nasal
discharge, sneezing and wheezing, bronchitis,
and bronchopneumonia. Dust accumulates within
¢ells and there may be some interstitial fibrosis
(18). In humans, the irritative nature of vanadium
causes bronchitis svmptoms, and conjunctival
and nasal irmtation (5)(13)(22)(23)(27) (29). Acute
bronchospasm may develop when high concen-
trations of vanadium dusts are present. Although

the radiodensity of vanadium is less than that
of iron, there is no evidence that it causes x-ray
changes. 'This may he due to its rapid absorp-
tion fram (he lung (16).
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TIN

Introduction

Tin is a soft, malieable metal slightly harder
than lead. It is resistant to atmospheric corro-
sion and it may be dissolved in mineral acids (4).
It is used to make brasses, bronzes, and babbitts,
and in soft solders. It is more radiopaque than
iron, and when inhaled and deposited in the
lungs, it produces dense x-ray shadows, a con-
dition known as stannosis.

List of Causative Agents
(Manufacturing Processes}

Next to gold and copper, tin is the earliest
metal known to man (20} it was first obtained
from ores about 5,000 years ago (10). Tin smelt-
ing probably began in northwest Persia about
1600 B. C. (10). It was soon discovered that cop-
per, combined with tin, produced an alloy that
was stronger and casier to cast in a mold and thus
was preferable for weapons production. The
bronze age began in Egypl 1,000 years before
spreading to northern Greece but occurred in
Great Britain between 1800 and 1600 B. C. (15).
Tin was known to Homer between 900 and 750
B. C.; in the “lliad?” Agamemnon's shield had
20 knobs of tin making a circle around the dark
enamel boss (17).

Cassiterite (SnO.) is the primary ore from
which tin is obtained. An important use of tin
is providing a protective coualing [or other metals,
particularly in the food and beverage canning in-
dustry, roofing tiles, silverwares, coated wire,
household utensils, electronic components, and
pistons. Electroplated tin provides a durable pro-
tective finish and produces a lubricating effect
on bearing surfaces (4). Common tin alloys are
phosphor bronze, light bruss, gunmetal, high ten-



sile brass, manganese bronze, die casting alloys,
bearing metals, pipc metals, and pewter {23). Tin
is uscd for solder, fillers in automobile hodies,
castings for hydraulic brake parts, aircraft lan-
ding gear, and engine parts. Metallic tin is used
in the manufacture of collapsible tubes and foil
for packaging. Organic and inorganic compounds
are used in the production of drill-glass ceramic,
porcelain, enamel, glass, and inks. They are also
used as a mordant in production of fungicides,
anthelmintics and insecticides, and as a stabilizer
polyvinyl plastics and chlorinated rubber plants
and in plating baths (23). Stannous chloride is
used in the chemical industry as a reducing agent,
for immersion, tinning of metal, and for sensitiz-
ing glass and plastics before metalizing. Tin ox-
ide is used as a opacifier in ceramic enamels, as
a ceramic color, as an abrasive, and as a coating
for conductive glass. The term organotin refers
to butyl compounds which arc used as catalysts,
or heat and light stabilizers, in vinyl polymers
and chiorinated latex paints. Tins in paints act
as stabilizers to prevent darkening (9).

List of Occupations and Industries Involved

Exposure (o tin oceurs during mining, smelt-
ing, refining, and in production and use of tin
alloys and solders. QGccupations in which ex-
posure to tin may occur include: (23)

Babbitt makers (rin-copper){antimeny)
Britannia metal workers
{tin-coppecr-antimony)

dye workers

pewter makers

textile workers

Herth tinners

valuing of tin oxide (detinning turnace
tender)

brass lounders (copper and zinc)
bronze founders (tin-coppcr)
fungicide workers

pigment workers

solder makers

type melal makers (lead-antimony tin)
scrap metal recovery plant operators
tin miners

The amount of tin in crude ore is so small
that mining procedures involving drilling and

loading of ore do not cause stannosis. The silica
in the dust, however, may cause silicosis (13}.
Tin dust and fumcs are generated when empty-
ing bags of crude ore into ships, and in the mill-
ing and grinding of ore (12); shoveling of split
are, {ipping of crushed ore into calcination fur-
naces; charging smelting furnace with calcined
are producing tin oxide fumes {21); shaking out
of the refinery furnace which contains high
percentages of tin oxide; melting down tin scraps
in order to recover tin oxide (7); and in pro-
cedures where material to be plated is dipped by
hand into melten tin (3).

Epideminlogy

Pendergrass and Pride reported a 45-ycar-
old man whose job consisted of bagging tin ox-
ide for a period of 15 years (14). Abnormalities
on chest x-ray were noted during a rourine survey
but the worker complained of no symptoms or
disability. Bartak and Tomecka (2}, described an
cnamel factory worker who charged furnaces in
which tin was converted (burned) to tin oxide for
18 vears. He complained of no symptoms and
demonstrated no abnormal physical findings.
Chest x-ray shawed diffusely scattered radiodense
shadows. In the same factory, 6 of 16 co-workers
showed similar x-ray findings. These individuals
were exposed to tin oxide dust for periods rang-
ing between 6 months and 25 years, Robertson
and Whitaker reported chest x-ray changes sug-
gesting pneumoconiosis in 121 of 215 workers in
a tin refinery who did not demonstrate clinical
findings {19). Cutter et al. described two cases
with x-ray findings showing nodules 1-2 mm in
diameter not accompanied by any pulmonary
dysfunction (6}. A report of the autopsy findings
of an asymptomaric tender of a detinning fur-
nace revealed concenirations of tin in his lungs
of 110 mg per 100 gms of wet lung tissue which
was approximately 2,000 times the normal value
(7). X-ray defraction analysis confirmed that tin
oxide was the only metal or mineral present.
Cases reporied by Spencer and Wycoff, Robert-
son and Whitaker, and Oyangurcn had no dis-
ability bul abnormal chest x-rays {11}(19)(21).
Dundon and Hughes suggested that tin fumes
were a mare important source of exposure than
tin oxide dust (7). However, studies by Robert-
son and Whitaker suggested that the two most
important factors in causing lung deposition were
the quality of the dust and duration of exposure

(19).
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Figure 11-45.

Estimate of Population at Risk

Stannosis seems to be an uncommon cause
of pneumoconiosis with only approximately 140
recorded cases (13). However, NIOSH estimates
that there are perhaps 250,000 workers exposed
to tin or tin axide.

Pathology

Examination of the cut surtace of the lung
reveals numerous 1-3 mm size gray-black,
rounded densities scattered throughout the lung
tissue (13). They are primarily located in the
subpleural area and in interlobular septal tissue
(22).

On microscopic examination, macrophages
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containing dust particles are deposited within
alveolar walls, around vessels and bronchioles,
and beneath the pleural surface. Aggregations of
dust particles accumulate in hilar lymph nodes.
The dust-ladened macrophages aggregate around
the perivascular and peribronchiolar tissue pro-
ducing macules which are similar to those seen
in coalwarkers’ pneumoconiosis and siderosis (13).
Massive fibrosis does not occur and little
reticulum or collagen fiber formation develops.
The dust does not cause bronchitic changes. No
appreciable chronic lung changes such as emphy-
sema or fibrosis have been observed (22), even
after 50 years of exposure to tin oxide (18).
Tin oxide crystals are strongly birefringent
in contrast to silica which is poorly birefringent.



X-ray defraction analysis provides definite iden-
tification of the pigmented particles. Following
microincineration of lung tissue, carbon particles
disappear while tin particles remain. Tin concen-
trations in lung tissuc in stannosis cases have been
reported to range between 0.5 and 3.3 gms per
lung, in cases where duration of exposure has
been Il and 30 vears (18). There is a paod cor-
relation between the quantity of tin in the lung
and x-ray changes (18). Tin oxide does not cause
lung fibrosis in experimental animals (8)(16).

Clinical Symptoms

Tin pneumoceniosis or stannosis was first
described by Beintker in 1944 (3). There are no
reported symptoms or abnormal findings on
physical examination. Pulmonary function tesis
usually are normal. Chest x-ray appearance may
resemble siderosis. Following heavy prolonged
exposure 10 tin oxide dust, many small, dense
radiopacities develop and are scattered relative-
ly evenly throughout lung fields (13){see Figure
[1-45). Opacities are usually 2-4 mm in size,
somewhat irregular in outline and extremely radio-
paque. In the upper hung zone, dense linear op-
acities may be seen and Kerley B-line may be seen
throughout the lungs (13). Exposures that are less
intense produce fewer and less dense opacities
on chest x-ray. Large confluent opacities and
hilar adencpathy do not occur.

Diagnostic Criteria

Diagnosis is made by obtaining an occupa-
tional history of significant tin exposure, lack of
clinical symptoms and physical findings, and the
presence of very radiodense opacities on chest
x-ray. In the absence of a history of exposure and
when opacities are few in number, the pnenmoco-
niosis may be mistaken for siderosis and possibly
silicosis. X-ray diffraclion analysis of lung tissue
may provide definite identification.

Prognosis

Stannosis has no known effect on heaith or
life span. It has nat been well documented wheth-
er termination of exposure resuolts in gradual
disappearance of the x-ray opacities.

Methods of Prevention

Prevention depends mainly on efficient dust
supression, good exhaust ventilation, and good
factory housckeeping. Tin oxide is classified as

an inert or nuisance particulate by the ACGIH

(13).
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TANGSTEN CARBIDE
(Hard Metal Disease)

Introduction

Tungsten, a greyish metal, is classificd as a
transition element and closely rescmbles molyb-
denum in its physical and chemical properties.
Wollframite (FeMn)WQ.) is the most important
ore containing tungsten, while Scheclite (CaW(.,)
is a principal domestic are (45).

Currently, approximately 70% of the tung-
sten production in the United States is used in
the manufacture of cemented tungsten carbide
or “hard metal” {a mixture of tungsten carbide,
cobalt, and/or other metals and their oxides or
carbides) to form a material with a hardncss
nearly equal to diamonds (7}(43). It is used as
an abrasive or briquetted with cobalt or other
binders into 100ls for high-speed cutting of met-
als or hard materials. Tungsten compounds and
cemented tungsten carbide are reported to cause
both transient and chronic pulmonary disease.

Table 11-30
OCCUPATIONS WITH POTENTIAL TUNGSTEN EXPOSURE

Alloy makers

Carbonyl workers

Ceramic workers

Cemented tungsten carbide warkers
Cement makers

Dye makers

Dyers

Flameproofers

High-speed tool steelworkers
Incandescent-lamp makers
Industrial chemical synthesizers
Inkmakers

Lamp-filament makers
Lubricant makers

Melting, pouring, casting workers
Metal spravers

Ore-refining and foundry workers
Paint and pigment workers

Paper makers

Penpoint makers

Petroleum refinery workers
Photographic developers
Spark-plug makers

Textile dryers

Tool grinders

Tungsten and molybdenum miners
Waterproofing makers

Welders

Source: (43)
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List of Caunsative Agents
(Manufacturing Processes)

The major compounds of tungsten to which
workers are exposed are ammonium-P-tungstate,
oxides of tungsten (WG,, WQ,, WQ,), metallic
tungsten, and tungsten carbidc (43),

Tungsten carbide is produced by blending
and heating tungsten and carbon in an electric
furnace, and then mixing in a ball mill with
cobalt to form a matrix for tungsten carbide
crystals and other metals such as chromium,
nickel, and titanium. Tantalum may bec added
depending on the properties required (28). All
constituents arc present in a finely divided state
with a mean diameter reported to be about 1.5 y
(10). The powdered metal is then pressed into
ingots and fused. All processes of drying, grind-
ing and drilling, finishing, and cleaning equip-
ment are dusty (28). In the production and use
of tungsten carbide, exposure to the cobalt or
rickel used as a binder or cementing substance
may be an important hazard to workers (29){42).

Tungsten carbide usually constitutes 80% or
more of the hard metal; the content of cobalt
is usually less than 10%, but may be as high as
25% (43). When the cobalt content is greater
than 2%, there is a polential cobalt health haz-
ard, perhaps exceeding that of tungsten carbide;
a nickel content greater than (.3% represents a
significant heaith hazard risk from nickel (43).
In addition, the tungsten carbide industry uses
other metals such as tantalum, titanium, nosi-
bium, chromium, and vinadium during the man-
ufacturing process which also represent poten-
tial health risks.

List of Occupations and Industries Involved
See [able 11-30, page 438.

Epidemiology

Diffused pulmonary fibrosis (2X3)6)10)
(12)15)(20)(24)(26)(38)(44) and bronchial asthma
(3)6)(9)(10)(14)(17} have been reported follow-
ing either short-term or long-term occupational
exposure to tungsten and its compounds in the
cemented tungsten carbide industry. Changes
have been reported for individuals exposed on-
lv to tungsten carbide (10%14)(20)(26). It has been
estimatcd that perhaps 9-11% of hard metal
workers exposed to tungsten carbide develop
pulmonary fibrosis (20%26). Whilc animal
studies document the specific pulmonary toxic
effeet of tungsten and some of its compounds

(8X13)(26)(27)(34), most reports of occupalivnal
exposure concern the effects of mixed dusts
which contain not only tungsten carbide but also
cobalt and other materials (4)(5)(6) (9)(10)(14)
(15K19)(32)(38)(39). Concentrations of tungsten
arc reported in only a few cases (28). Dust par-
ticles that are generatcd in operations where
tungsten is processed are largely respirable, the
majority being less than 5 u in diameter
(6)(14)(16){26)(30).

Estimated Population at Risk

NIOSH estimates thar there are at least
30,000 employees in the U.S, who are potentially
exposed to tungsten and its compounds (43).
These figures are based on actual observations
reported in the National Occupational Health
Survey (NOHS). There are perhaps 15,000 to
20,000 persons potentially exposed to dusts in
the hard-metal industry throughout the world
(28). Only a small portion of exposed persons
appear to develop respiratory disease (10). It has
been cstimated the 9-11% of hard metal workers
exposed to tungsten carbide develop pulmonary
fibrosis (20)(26). However, in one industry, only
9 of 1,500 workers were reported to have pulmo-
nary disease {10).

Pathology

There are two major types of pulmonary
reactions that occur among workers exposed 1o
tungsten carbide: an asthma syndrome and dif-
tuse interstitial pulmonary fibrosis. The inter-
stitial fibrosis does not appear to differ from in-
terstitial fibrosis produced by other agents (10).
On microscopic examination, the lung shows an
interstitial cellular infiltration and variable fi-
brosis. There are dilated alveolar spaccs, lined
by epithelium showing mctaplastic changes. In
some arcas there are accumulations of what ap-
pear 10 be Type 2 alveolar pneumocytes and
alveolar macrophages within alveoli lumen.
Large mononuclcar and even occasional multi-
nucleated giant cells may be present. Elcctron
microscopic changes arc consistent with those
observed by light microscopy (10). X-rav defrac-
tion analysis shows the presence of tungsten car-
bide and mass spectrometric analyses documnent
the presence of tungsten carbide and cobalt in
lung tissue (10). In the study of 12 cases of dif-
fuse pulmonary fibrosis reported by Coates and
Watson, a lung biopsy sample contained 2.0 mg
of tungsten, 2.0 tilanium, and 0.1 kg of cobalt/
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gm of wet lung (10), There was no correlation
between cobalt content of lung tissue and sever-
ity of disease. In another study by Coates et al.,
light and electron miscroscopic examination were
performed on specimens from a case of diffuse
interstitial fibrosis, a second with subacute in-
terstitial pneumonitis, and a third asymptomatic
waorker with clinically normal lungs (11), There
were deposits of collagen and elastic tissue in
alveolar arcas associated with multifaceted erys-
tals which appeared to cause tears in cells; the
crystals were believed to be tungsten carbide.
Finer, needle-like crystals were noted lying in
macrophage lysosomes. There were alterations
of alveoli Type 1 pneumocytcs, with swelling and
formation of microvilli. There were also occa-
sional alterations of the capillary endothelial
cells. In the asymptomatic individual, no abnor-
malities were noted in the alveoli or endothelial
cells.

Beck reported the results of 12 workers with
hard metal disecase, & of whom dicd because of
pulmonary disease (6). In general, there were
varying degrees of interstitial fibrosis present. No
correlation was noled hetween the duration of
exposure and development of interstitial fibrosis.
Baudouin reported electron microscopy of biop-
sied lung tissue in a man who worked in a hard
metal factory (4). Crystalline particles, possibly
tungsten carbide, were noted in alveolar macro-
phages. Examination of lung tissue by x-ray
fluorescence demonstrated large amounts of tung-
sten, greater than usual amounts of titanium, and
small amounts of tantalum and nosibium. X-ray
defraction studies documented the presence of
tungsten carbide and titanum carbide. The
number of airspaces was decreased because of
excessive mucus production and hyperplasia of
alveolar cpithelial lining cells. Alveolar
macrophages containing foreign material were
present. Spectroscopic and histochemical analysis
of biopsy specimen material reported by Scherer
indicated the presence of 2-10 times the normal
amount of rungsten, but no cobalt was found
(38). On the other hand, lung tissuc analysis from
a 46-year-old woman who worked with hard metal
mixtures and was exposed to tungsten carbide
and cobalt revealed an emission spectrographic
analysis of lung tissuc which showed no detect-
able levels of tungsten, titanium, or cobalt—
possibly because of the small sample size (32).
There was significant x-ray and pulmonary func-
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tion test improvement when she left work; this
worsened when she resumed her job.

Rats exposed to melallic tungsten by in-
tratracheal injection or inhalation, showed a mild
interstitial and perivascular inflammatory cell
response (26). Increased collagen tissuc was noted
by eight months. Although tungsten itself caus-
ed mild interstitial fibrosis in rats, no significant
response was noted following intratracheal injec-
tion of pure tungsten carbide (27). Because of
this, it was speculated that the pulmonary fibrosis
described in the hard metal industry was caused
not by the tungsten carbide, but by coexisting ex-
posure to cobalt. Delanhant’s studies support
this; tungsten carbide produced little effect on
guinea pig lungs (13). Expcriments were under-
taken to determine which of the metallic com-
ponents in cemented tungsten might provoke
lung lesions, Tungsten metal, tungsten carbide,
and carbon dust produced relatively little tissue
response. Mixtures of tungsten carbide and car-
bon were more harmful to guinea pig lung tissue
than tungsten metal alone (13){(33)%36). Par-
ticulate tungsten metal and a mixture of tungsten
carbide and carbon appeared to be relatively in-
ert, but when cobalt was mixed with tungsten
carbide, an acute hemorrhagic pneumonia de-
veloped; this response seerned to characterize the
cobalt component (33). A mixture of tungsten
carbide and cobalt praduced pulmonary fibrosis
in guinea pigs, especially in areas where there was
dust deposition (37). Even one year after injec-
tion, dust particles remained within alveolar
spaces together with residual pneumonitis, mild
cellular reaction, and fibrotic reaction around the
dust deposits.

Schepers theorized that the marked prolif-
erative and metaplastic epithelial changes noted
could reflect a synthesizing property of cobalt
(37). While changes in lungs following various
mixed dusts exposures are similar, they are most
marked when cobalt is one of the constituents.
This suggests the activity of cabalt is enhanced
when tungsten and cobalt combine (21). This may
be due to the solubility of cobalt which is increased
in the presence of tungsten (21),

Magnesium tungstate was very reactive in pro-
ducing pulmonary lesions (34) whereas tungsten
silicide caused hyperplastic lymph nodes, focal
thickening of alveoli walls, perivascular lymphocyte
infiltration, and nodular accumulations of
fibroblasts, lymphocytes, and macrophages (8).



cyles, and macrophages (8). Rats exposed to
tungsten hexachloride inhalation died of pulmo-
nary edema (40). Interstitial pulmonarv inflam-
matory responses occured after administration
of calcium-magnesium-tungstate phosphor in
rats; the most accentuate lesions appeared in
areas of dust accumulation (16). Animal studies
comparing tungstic oxide, sodium tungstate, and
ammonium-p-tungstate demonstrated greater
maortality rates in animals as the tungsten content
of their diet was increased, especially when it was
greater than 2% (22).

While total dust levels and cobalt concen-
trations are reported in many studies, actual
tungsten concentrations are documented in on-
Iy a few cases. The size of rhe dust particles
generated during various operations in which
tungsten is processed and used is generally less
than 5 u in diameter (6)(14)(16)(26)(30).

Clinical Description

There are 1wo major types of respiratory
disease seen among tungsten carbide workers:
reversible, rather acute airways obstructive syn-
drome (asthma) and diffuse interstitial fibrosis.

The acute asthmatic syndrome is charac-
terized by productive cough and chest tightness
which usually develops towards the end of the
workday or in the evening (9)(10)14). Symptoms
improve during weekends and vacations but
again recur within the first few days after return-
ing to work. The airways obstructive disease is
reversible, showing improvement following ad-
ministration of bronchodilators; it is eliminated
by removal from exposure (9). Atopic and nona-
topic individuals are affected equally (9).

Individuals with interstitial pulmonary
fibrosis develop a rapid onset of cough, sputum,
and dyspnea on exertion (28). On physical ex-
amination, basilar rales are heard. The chest x-
ray is ahnormal and characterized by lincar or
ill-defined irregular opacities; there is some
prominence near the hilar area. Disease onset
usnally occurs within one or (wo ycars after
beginning employment. In some cases, resolu-
tion of symptoms are noted following removal
from work (4)(14)(25%27)35). Although Tung
biopsics obtained carly in the course of the
disease show a desquamative interstitial pneu-
monia, biopsies taken later reveal a more chronic
disease, characterized by diffuse interstitial
fibrosis (35). Fibrosis develops in some workers

within 2 years, but in others it may not develop
until 25 years of employment; usually it occurs
after 10 years of work (1X6X10)(18)(19)(25)(27)
(31)(35). The clinical, physiologic, and x-ray
features are similar to those of other tvpes of dif-
fuse interstitial fibroses. In a few cases, in-
dividuals have died with respiratory or cardiac
failure. Opacities on chest x-ray do not appear
maore radiodense even though the atomic number
ol tungsten is 74, Increased gamma globulinemia
has been reported in some affected individuals
(27).

Treatment with corticosteroids may be in-
dicated, particularly in the desquamative in-
terstitial phase (28).

Diagnostic Criteria

Diagnosis depends on obtaining the proper
occupational history as well as demonstrating
characteristic x-ray and pulmonary function ab-
normalities consistent with an interstitial fibrotic
response. This is also true for the asthma syn-
drome.

Methods of Prevention

Because of the 9-10% incidence of pul-
monary fibrosis, NIOSH has recommended that
employees exposed to tungsten along, without
cabalt exposure, have a recommended 10-hour
shift (40-hour week) Threshold Limit Value of
1 mg/m’, measured as tungsten. Becausc the ma-
jor industrial ¢xposure in the cemented tungsten
industry occurs along with exposure to cobalt
with mixture percentages ranging trom 3-25%,
NIOSH has recommended that employees ex-
posed to cemented tungsten carbide which con-
tains more than 2% cobalt have limited exposure.
Exposure should be similar to the current stand-
ard for cobalt which is 0.1 mg/m* measured as
a time-weighted-average concentration. When
tungsten carbide is made with nickel as a binder
rather than cobalt and the nickel content exceeds
0.3%%, NIOSH has recommended that the TLV
for nickel of 15 pg/* should apply (43).

Medical surveillance should include a pre-
placement evaluation consisting of a medical
and physical examination, chest x-ray and pul-
monary function tests, as well as periodic ex-
aminations with similar laboratory and medical
studies. Engineering controls, such as enclosures
and local exhaust ventilation, should be used to
keep the concentrations of airborne dust at or
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below the appropriate time-weighted average ex-
posure limits. Respiratory protective equipment
should not be used in place of engincering and
ventilatary controls, Care should be taken by
employees when pouring or scooping powdered
material in order to avoid excessive dust genera-
tion (43).

Research Needs

Epidemiology studies are needed to better
asscss the long-term effect of tungsten exposure
by itself, Studies are necessary to determine
whether there are synergistic or potentiating ef-
fects from other metals (e.g., cobalt and nickel)
and compounds commonly found with the tung-
sten compounds used.
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FIBROUS GLASS AND OTHER
MAN-MADE MINERAL FIBERS

Introduction

Man-made mineral tibers are those made
from glass, natural rock or any readily fusible
slag. They differ from naturally occurring fibers,
such as asbestos, which are crystalline in struc-
ture and differ chemically {27). Glass fibers are
composed of either borosilicate or calcio-alumina
silicare glass. They contain no trace elements of
biological significance. A glass fiber refers to any
glass particle with a length to diameter ratio of
at least three to one. The health effects of man-
made mineral fibers may be different depending
on the length and diamecter of individual fibers.

List of Caunsative Agents
(Manufactoring Processes)

Slag wools, rock wools, and glass wools and
filaments are all glass-hecated mineral fibers be-
having in much the same manner but having im-
portant differences and individual properties.
Some of the impaortani differences relate to struce-
ture, frequency of occurrence, and chemical
resistance—particularly solubility.

Mineral wool, originally obtained as a nat-
ural product of volcanic craters in Hawaii, usual-
ly consists of fine, pliant, vitreous fibers which
arc incombustible and nonconductors of heat.
Rock wool, made by blowing molten rock, is
more uniform than mineral wool and has phys-
ical characteristics which depend on the class of
rock used. For instance, rock wool made from
high-silica limestone is used for insulating oven
walls requiring temperatures up to 1,000 °FL.

Man-made mineral fibers can be manufac-
tured to various diameters and fall into three
broad category groups: (1) Continuous filament,
which is used in textiles and as a reinforcement
in plastics and other materials. The filaments arce
of relatively large diameter, perhaps 9-25 4 in size.
Production methods give a narrow variation of
diameter size around a normal size. (2} Insula-
tion wool is usually about 6 « in diameter and
has a much wider distribution around a nominatl
diameter, A high propertion of fibers may have
diameters less than 3 u which can be used for
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special application such as acoustic insulation.
(3) Small {and sometimes uncoated) fibers below
1 p in diameter are produced for a limited,
specialized market—representing only about 1%
of all production, Continuous filament and
special purpose submicron range fibers are made
exclusively from glass, whereas insulation woois
can be manufactured from rock or slag (27).

Mineral fibers are glassy cylinders and,
therefore, can never split longitudinally; they only
break across. As they are destroyed, they form
fragments which no longer have the character of
fibers. The structure of technically-used asbestos
fiber is totally diffcrent; it is always present as
bundles, never as a single fiber. Individual fibrils
may be as small as 2-30 mum in diameter, Because
of the size of individual asbestos fibers, a bun-
dle of asbestos fibers of the same diameter as
mineral fibers would contain about 785,000
fibers. Fibrous glass processes may be classified
as “textile” or “wool” operations (41). Textile
fibers, formed as continuous filaments, have
diameters greater than 3.0 i and have wide ap-
plication in textile, fabrics, and reinforced plastics
industries, Fibers produced by wool-forming
methods may be as small as 0.5 i in diameter
and less than 1 u in length (16) and are mainly
used for thermal insulation. Fibrous glass struc-
ture has silicon dioxide (Si0,;) as a major net-
work form, with boron and aluminum oxides
also contributing as network formers. The three
dimensional network and tetrahedral configura-
tion of 5i0,; molecules provide important and
unusual properties which ¢an be varied and ad-
justed by addition of various modifying ingre-
dients (14).

Wool-type fibrous glass provides effective
insulation because fibers are formed into inter-
locking network masses which entrap air into
many small cells and restrict flow of heat. Thus,
the density and diameter of fibrous glass [(ibers
influence insulation properties by affecting the
size of air cells and the structure of the interlock-
ing glass fiber blanket. Decreased thermal con-
ductivity and better insulation result as fiber
diameter decreases. However, the linear relation-
ship between fiber diameter and thermal conduc-
tivity no longer occurs when fiber diameters are
very small.

Other important properties of fibrous glass
besides insulation properties include chemical
resistance, high tensile strength, and acoustic



insulation.

Man-madc¢ mineral fibers are usually coated
with a binder (mainly a thermosetting resin) such
as urea-formaldehyde type which is fully poly-
merized in the finished product. Rock wool may
be produced with only an oil as 4 tubricant and
for special application. Some glass fibers are of
very fine-diameter and produced without any
coating at all. Surface treatments are performed
in order to bind and protect fibers and to reduce
the effects of impact and friction (35)(43)(47).
This treatment may introduce occupational health
problems {41).

Estimation of environmental exposure to
fibrous glass may be made gravimetrically by
determining the weight of dust-per-volume of air
sampled or quantitatively by the number of ac-
tual fibers counted per volume of air sampled.
In general, gravimetric analyses provide an in-
dicator of fibrous glass exposure to larger di-
ameter fibers, 1.e., greater than 3.5 u. It does not
accurately measure exposure o small diameter
fibers. The relationship between fiber number and
fiber weight varies considerably with fiber dimen-
sions (16). The weight of fibrous glass dust is in-
dependent of the numbers of small {ibers pre-
sent and is more a function of the square of fiber
diameter. A disproportionately greater number
of very large-diameter fibers can increase the
weight of the fibrous glass dust sample appreci-
ably, and if large fibers constitute a small part
of the dust, then a marked disagreement between
gravimetric and fiber count may occur. There-
fore, counting fiber numbers provides a more ac-
curate estimate of exposure to small diameter
fibers, te., less than 3.5 pu.

NIOSH has recommended fiber count for
gstimating numbers of small diameter {ibers pres-
ent and gravimetric analysis for determining large
diameter-size fibers (32).

In the majority of occupational cxposures
to fibrous glass, there are fibers of varving di-
ameters present, including a substantial percent-
age of fibers of respirable size. A number of
industrial hygiene surveys have related different
occupational and environmental sources of fi-
brous glass (14} 1X12X16)2M28)29). In most
facilities using or producing fibrous glass with
diameter size more than 3.5 u, fiber counts of
less than 1,000,000 fibers/M’ {or one fiber/cc),
and gravimelric measurements of less than 2.0
mg/m® (1-5 mg/m?*) have been noted (1{11}13)
aa2029NAN50). In operations where fiber

diameters are less than 3.5 u, higher mean fiber
counts are noted, ranging between 1,000,000 and
21,000,000 fibers/m*, with an average of 3,000,000
fibers/m* (16)(20028)(31}.

List of Occupations and Industries Involved

There are normally small amounts of fi-
brous glass present in urban air, reflecting its
presence in our society (3). Concentrations range
between less than 1,000 and up to 10,000 fibers
/m? of air with levels of 30-130 fibers /m? being
found even in remote rural areas, While fibrous
glass used in ventilation ducts potentially repre-
sents a source of glass fibers in the air of build-
ings (7), the air concentrations of such fibers is
extremely low, averaging about 1,000 fibers/m*
of air (2){12).

The major use for fibrous glass products is
in thermal and acoustical insulation, and as rein-
forcement for various processes especially in the
plastics industry (i.e., boats, shower stalls, etc.).
Building insulation used in homes is installed be-
tween roof rafters and studs of sidewalls. A flex-
ible fibrous glass blanket provides a lining for
refrigerators, stoves, furnaces, and hot water heat-
ers. A molded type insulation is used for auto-
mobile hoods, car bodies, refrigerator ships,
acoustic and thermal insulation, and also for
decorative purposes. Rigid board-type material
may provide ceiling board and roof insulation
for factory or warchouse decks. Fibrous glass-
pipe insulation controls heat on steam lines and
is used for temperature control and coal applica-
tions in chemical processing plants, utility plants,
and commericial and mechanical applications
(5). A semi-rigid type of fibrous glass boards is
uscd in chemical processing tanks as low veloci-
ty air transmission systems for ducts and for
metal building insulation such as on the roofs
of prefabricated buildings.

Dust and fumnes are produced when fibrous
glass products are trimmed, chopped, cut or
sawed, or during oven curing of the binder sys-
tems. Dust is not a problem during the basic fiber
wool forming process. Packing processes with ap-
plication of mechanical pressure o reduce pro-
duct volume are often dusty. In industries utiliz-
ing wool-type fibers, dust is generated when pro-
ducing loose fibers, or from pouring and blow-
ing wools (31). Airborne fiber counts are reported
to be low for textile-type fibers as they are pro-
cessed into finished products during spinning,
weaving, twisting, plving, and chopping opera-
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tions (21). High dust levels are noted in opera-
tions involving insulation. Fibrous glass dust ex-
posure occurs when rolled fabrics are cut to
various shapes, during spraying when fibers are
chopped simultancously with application of cata-
lyst resins, and during finishing operations when
material is removed and imperfections are ground.

Epidemiology

The majority of human cross-sectional prev-
alence studies have reported no significant pul-
monary effects from fibrosis (17X22)(28)38)(54)
(57). Studies utilized pulmonary function tests
and chest x-rays. Workers were emploved up to
30 years and, in most cases, exposure was to
fibers having a diameter of about 6 u with [iber
concentrations averaging about 70,000 fibers/m?
(11)(57). Only a few human studies are available
to suggest chronic health effects occur from fi-
brous glass exposure; these studies mainly report
an excess mortality from nonmalignant respir-
atory disease (19). However, in a 1977 report
prepared for the medical and scientific commit-
tee on the Thermal Insulation Manufacturers
Association, Enterline and Marsh presented
preliminary information on a mortality study of
5,443 fibrous glass workers from five plants and
955 mineral wool workers from three plants, who
had worked at lcast one vear during the period
January 1, 1943, through December 31, 1963 (19).
No excess mortality risks werce observed for malig-
nant or nonmalignant respiratory disease, nor
were excess lung cancer deaths observed in two
plants which manufactured small diameter {1-3
u) fibers. There was no association between in-
tensity of exposure and death from malignant
and nonmalignant lung diseases. The in-
vestigators stressed the preliminary nature of
their findings and withheld final conclusions un-
til all data was analvzed.

Carcinogenic responses in animals, particu-
larly rodents, following intrapleural or intraper-
itoneal fibraus glass administration is similar to
the responses found after implaniation of any
foreign material such as polyethylene, asbestos,
nylon, cellaphane, or teflon (10)(15X40X46)(55).
Tumor development in laboratory animals follow-
ing pleural or intraperitoneal administration of
fibrous glass material probably represents a non-
specific foreign body response. The response de-
pends on the physical characteristics of the fi-
brous glass, the most important being size and
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shape; certain characteristics of the animal; and
the length of time the fibrous glass is present in
the animal (a critical factor). On the basis of pres-
ent information, fibrous glass cannot be con-
sidered a carcinogenic agent.

NIOSH has recommended that occupa-
tional exposure to fibrous glass having diameters
equal to or less than 3.5 u (53) and lengths more
than W} i be limited to a 10-hour time-weighted-
average concentration of 3,000,000 fibers/m?,
This should especially protect workers in opcra-
tions using small diameter fibers. NIOSH also
recommends limiting dust exposures (measured
gravimetrically) to 5 mg/m’ so as to also reduce
exposure to larger diameter fibers. The recom-
mendations are designed to control exposure to
both small diameter fibers, which might have
potential long-term adverse health effects, and
larger diameter fibers, which can cause skin, eye,
and respiratory tract irritation (18)(25)(26)(33)
and possibly increased mortality due to non-
malignant respiratory diseasc (6)(19). Most fiber-
glass irritation effects can be minimized when
proper work practices are followed. Workers hav-
ing dermographism and atopic dermatitis pro-
bably should not work with fibrous glass (39).
Periodic cxaminations of workers—including
pulmonary function testing and chest x-rays—
seem necessary becausc of potential respiratory
disease as a result of fiberglass exposure (6)(19)
(30)(36)(37).

When workers are exposed to fibers less
than 3.5 u in diameter, a lung cancer screening
program seems reasonable. Respiratory protec-
tion becomes necessary only when large amounts
of dust are generated, and where environmental
exposure cannot be adequately handled by
engineering controls. Good personal hygiene by
workers is important in order 1o avoid or mini-
mize skin problems. There should be washing
facilitics and showers available at work hefore
workers change into street clothes and employers
should provide laundered work clothes. Gloves
or other types of protective clothing may be
helpful in reducing direct contact with fibrous
glass and subsequent skin problenis. Good house-
keeping practices are extremely important in
minimizing exposure (42}{43). Vacuuming, clean-
ing, washdown procedures, and wet sweeping can
be helpful in reducing dust concentrations. On
the other hand, dry sweeping or blow-down with
compressed air gencrates dust and should be



discouraged. Scrap material and debris should
not be allowed to accumulate; waste material
should be disposed of properly. Finally, concern
for other potentially hazardous substances such
as resins, solvents, and pesticides uscd with
[ibraus glass is also necessary.

Estimate of Population at Risk

According to NIOSH about 200,000 work-
ers in the United States are exposed to fibrous
glass in the manufacturing of about 20,000 prod-
uets {53). The amount of fibrous glass insula-
tion has incrcased since the government required
that 36,000,000 homes meet Federal insulation
standards by 1963 (53). Approximaicly 3,000
workers are exposed (o mineral wool.

Pathology

The behavior of a glass [iber in air is mainly
determined by its diameter and less by its length.

Timbrell reported that fibers with aero-
dynamic diameters larger than 3.5u were primari-
ly deposited in the nasopharynx, trachea, and
bronchil; fibers with diameters less than 3.5 p
penetrated into the alveoli; maximal alveclar
deposition occurred with fibers of 2 y diameter
and decreased 10 a minimum deposition of about
20% with fibers 0.4  in diameter (52). Mathe-
matical models estimate approximately 30% of
fibers 25 u long and with a proper diameter could
be deposited in the alveoli (23)(24); perhaps 1-3%
of the fibers could be deposited in alveoli when
fiber length increased up to 200 .

A number of animal studies have been per-
formed exposing animals to fibrous glass by
various routcs (21)(32)(34)(48)4N(55)(56). In
studies addressing the fibrogenic potential of
fibrous glass, length and diameter are important
factors (21)(32)(43)(56). Fibers having a length
greater than 10 u are more likely to produce
pulmonary fibrosis in animals; fibers shorter
than 5§ p generally do not. Kuschner and Wright
studied the effects of glass fibers of different
dimensions (32). Groups of 30 guinea pigs were
intratracheally injected with one of six possible
categories of glass fibers differentiated according
to dimensions. No [ibrosis was found after ex-
posure ta short fibers. Exposure to long fibers
{greater than 10 w) resuited in an interstitial reac-
tion around respiratory bronchioles and proximal
alveoli. Thin (less than 1 ) and long fibers caus-
ed a fibrotic reaction whereas thin and short

fibers did not. Short and thick fibers caused
some interstitial fibrosis after two years. Long
and thick fibers caused focal areas of interstitial
fibrosis.

There have been a number of pathologic
studies of human lungs reported (8)(9)(22X41)
(47). Postmoriem studies performed on lungs of
20 workers who had been exposed to various con-
centrations of fibrous glass for 16-32 years were
compared with the lungs of 26 urban dwellers
of both sexes who presumably had not been oc-
cupationally exposed to fibrous glass dust (22).
Quantitative analyses of lung tissuc of fibrous
glass workers demonstrated total dust levels of
about 2% (range, 0.8-4.2%}); actual fiber con-
tent was approximately 95,000 fibers per gram
of dry lung {range, 20,000-200,000). These fiber
counts were no different from fiber counts noted
in the lungs of controls. There was no correla-
tion between lung fiber count and duration of
severity of occupational exposure. The highest
percentage of fibers grouped according to length
were between 16 p and 25 u, with %0% of the
fibers having diameters less than or equal to 3
w. No specific tissue change was identif jed in the
lungs of fibrous glass-exposed workers who
became ill following a heavy exposure ta fibrous
dust from the insulaton of an old hot water
heater (37). Examination of lung tissue obtain-
ed following a right lower lobectomy revealed
multifocal abscesses containing minute fiberglass
particles, similar to the particulate matter gbtain-
ed from the actual insulating material. Adverse
health effects reported from large diameter fibers
have included mainly skin, eye, and upper
respiratory tract irritation (18)(25)(26)(33). There
are no indications that fibrous glass acts like
asbestos in humans except possibly where there
are high concentrations of submicron fibers. This
condition occurs rarely, if ever, and is not ex-
pected to occur significantly in the future. Larger
diameter fibers have different biological char-
acteristics than smaller diamcter fibers (32);
fibers with a diamecter of 3.5 u and smaller pene-
trale into alveoli (13)(16)(22)(31)}{(51)(52). Fibers
of longer length, i.e., 10 u or greater, appear {0
be more biologically active than shorter length
fibers. Health effects reported to occur with ex-
posure to small diameter fiberglass are rare and
generally confined to skin and respiratory tract
icritation. Small diameter fiberglass is a relatively
new material and population exposures for long
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periods of time have not vet occurred. Chronic
effects similar to those observed with asbestos
have not been noted in individuals occupationally
exposed 10 fibrous glass. Although fibrous glass
was first manufactured in the 1930's, its exten-
sive use did not occur until the 1940°s and 1930’s,
Fibers having diameters less than 3.5 u did not
have large-scale use until the 1960's (41){47).
Therefore, chronic health hazards from small di-
ameter fibers mav not be appreciated since suf-
ficient exposure in terms of numbers of people
exposed and duration of exposure may not have
occurred, nor has enough time lasped for poten-
tial chrenic effects to be recognized. There has
been concern that occupational exposure 1o fi-
brous glass having fiber dimensions similar to
thosc of asbestos might lead to similar chronic
effects. There are a number of factors which
might mitigate against this, including the pres-
ence of fewer numbers of small diameter fibers
in fibrous glass workplaces than usually existed
in asbestas operations (53).

Unlike asbestos, fibrous glass does not frac-
ture linearly to produce small diameter fibrils,
Furthermore, fibrous glass is Icss durable than
ashestos and is more easily fragmented and
rapidly cleared from the lungs (8)(9).

Clinical Description

There are no specific clinical, x-ray, or pul-
monary function test changes that are reported
to be characicristic of fibrous glass exposure.
Surveillance should be conducted because of the
potential chronic health effects.

Diagnostic Criteria
No special diagnostic test is appropriate.

Research Needs

More information is needed on the health
effects of fibrous glass of small diameter size,
particularly since glass fihers less than 3.5 p
diameter are relatively new in indusiry. Especially
needed are studies of very small diameter fibers
i, less than 1 u. There are still a number of
unanswered guestions concerning health effects
of fibers with diameters larger than 3.5 . Studies
are necessary to determine the chronic long-term
effects of inhalation of fibers of various dimen-
sions and to identify potential mechanisms of
fibrogenesis and possible carcinogenesis. More
industrial hygiene data is needed to characterize
the extent of exposure to fibers with diameters
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less than 3.5 u. lmprovement in analytical
methods for fibrous glass is necessary in order
to determine precision and accuracy. The impor-
tance of physical features of fibers needs to be
cxplored such as fibers splitting, role of fiber
fragmentations, and importance of tiber solubili-
ty in relation to tissue effects.
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ZIRCONIUM
Introduction

Zirconium is a silvery-white metal, more
abundant than nickel, but difficult to reduce to
metallic form since it combines so readily with
oxygen, nitrogen, carbon, and silicon (1). Animal
experiments have indicated that zirconium com-
pounds are capable of causing both pulmonary
granulomas and interstitial fibrosis (2}{10). There
are no well-documented similar effects in humans.

List of Causative Agents
(Manufacturing Processes)

Zircon (Zr$.,0,) and baddalyte (ZrQ,),the
most common naturally occurring forms of zir-
conium, are derived [rom igneous and sedimen-
tary rock and recovered commercially from beach
sands and river gravel (9). Zirconium occurs mix-
ed in the form of platelets, flakes, or bluish-black
amorphous powder but is never found in a free
state. While it is generally regarded as a rare
metal, it is present in the earth’s crust in amounts
larger than lead, copper, or zinc, with concen-
trations about 0.22% (15).

Zirconium may be prepared by chlorina-
tion—either of zircon or of a carbide made from
it by beating with carbon (3). This mixed
tetrachloride of zircon and silicon are then
separated and the crude zircon tetrachloride is
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further purified by sublimation in hyvdrogen gas.
This is further reduced in vapor from magnesium
or sodium, the residual zirconium being in the
form af a sponge which is highly reactive and
must be conditioned before being exposed to the
atmosphere. A second method of preparation is
by thermal dissociation of the zirconium tetra-
iodide on contact with a hot lilament at a (cm-
perature of approximarely 1,300°C (3).

Pure zirconium has important properties,
especially that of high resistance to corrosion by
alkalis and most acids (4). It is very reactive, es-
pecially in the moist powder form and is likely
to cause an explosion. This is an onerous prob-
lem since the ignition temperature of zirconium
is low (20°C) and it can readily be ignited by
sparks or small flames. Zirconium fires should
not be extinguished by water because this may
cause a violent explosion (7).

List of Occupations and Industries Involved

Zirconium oxide (ZrQ,) is a fine crystalline
powder which is used for fused or sintered cer-
amics and for crucibles and furnace bricks (1).
Zirconia bricks have been used for lining elec-
tric furnaces. Zirconia foam is marketed in bricks
and various shapes are used for thermal insula-
tion (1}). Stabilized zirconia has a low coefficient
of expansion and white-hot parts can be plung-
ed into cold water without breaking. Zircon cry-
stals are valued as gemslones since the high re-
fractive index gives it a great brilliance. Zirconia
fibers are used for high temperature textiles and
are produced from zirconia with about 5% lime
for stabilization. Zirconia fabrics are woven, knit-
ted, or felted of short-length fibers and are flex-
ible.

Zirconium powder is very reactive and is
used for making sintered metals or making sin-
tered parts. Alloys are frequently produced in-
cluding zirconium copper, nickel, or cobalt. Zir-
conium alloys with high zirconium content have
atomic applications. Small amounts of zirconium
are used in many steels, zirconium being a power-
ful deoxidizer which removes nitrogen and com-
bines with sulfur. It reduces hot-shoriness and
gives steel ductility (1). Zirconium carbide (ZrC,)
is produced by heating zirconia with carbon at
about 2,000°C. The crystalline powder is used
as an abrasive and for hot-pressing in heat resis-
tant and abrasion-resistant parts. Zirconium cer-
amics are valued for electrical and high-temper-
ature parts and refractory coatings.
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Zirconium has industrial uses: for nuclear
reactors; as a shielding material in high vacuum
tubes and radio valves, chicelly because of its af-
finity for various gases; in steel manufacture as
an alloy with silicon and manganese; as a con-
stituent of allovs such as nickel and cobalt in
order 1o increase wear resistance, or with niso-
bium and tantalum in the manufacture of non-
corrosive chemical apparatus;as a substitute for
platinum; in cast iron manufacture; as a refrac-
tory lining for electric furnaces; as an igniter for
photoflash bulbs; as an alloy with lead for lighter
flints; as a substitute for mercury fulminate for
detonators; in a concentrated arch lamp which
gives the nearest approach to a point source; in
the ceramic and glass industrics as an opacifier
and a polishing powder for lenses in television
tubes; as pigments in plastics; and as a catalyst
in organic reactions (3). Zirconium is utilized as
a foundry sand and abrasive; as a refractory in
combination with zirconia; as a coating for cast-
ing mold; a caralyst in alkyl and alkenyl hydro-
carban manufactures; as a stabilizer in silicone
rubbers; and as a gem stone, In ceramics it func-
tions as an opacifier for glazes and enamels and
it is used in unfrittcred glass filters, Zirconia itself
is used in die extrusion of metals and in spout
linings for pouring metals as a substitute for lime
in oxyhydrogen light (16). Lt is also used as a pig-
ment, in metal cutting tools, thermocouple jack-
ets, waterproofing textiles, and treating dermatitis
and poison ivv.

A list of occupations in which exposure to
zirconium may occur includes (16):

abrasive makers

ceramic workers

crucible makers
deodorant makers

enamel makers

explosive workers

foundry workers
incandescent lamp makers
pigment makers
refractory material makers
vacuum tube makers
glass makers

metallurgy

raylon spinneret makers
textile waterproofers



Epidemiology

There have been no detailed epidemiologic
studies.

Population at Risk

It has been estimated by N1IQSH (hat there
are approximately 1.3 million emplovees exposed
to zirconium compounds, especially zirconium
oxide {17).

Pathology

Early animal studies indicate that zirconium
is inert and does not produce any significant
pulmonary pathology (3)%6). Suspension of finely
ground zirconium, when injected intravenously,
intraperitoneally, or intratracheally, is without
apparent effects and no significant pathological
changes have been noted (5). When rats were ex-
posed to very high concentrations of zircon dust
daily for several moaths and then killed, dense
radiologic shadows were noted on radiographed
sections (6). These shadows were produccd by ag-
gregations of phagocytes containing zircon par-
ticles. There was also a slight inflammatory re-
sponse, but essentially no significant lung reac-
tion. Animal exposure studies with zirconium
metal were generally negative (i1). Skin granul-
omas from deodorant sticks containing zir-
conium salts have been described (12)(13)(14)(18).
A typical zirconium deodorant stick is a gel con-
taining sodium stearate, ethyl alcohol, carbotol,
and water with about 10% of an aqueous 45%
solution of sodium zirconium lactate (approx-
imately 0.5%) (3). The skin granulomas were
described as reddish-brown papules being 1-4 mm
in diameter. Biopsied lesions did not reveal zir-
conium in the granulomas even wilh examina-
tion by x-ray fluorescence and emission spec-
trometry {3). The skin eruptions were described
after several months of use. They generally disap-
peared spontaneously but slowly, sometimey per-
sisting for months or yvears (14} (15). These skin
reactions were believed to he due to a hypersen-
sitivity to zirconium (14)(15).

There are no reports available of good
parhological studies on human lung. Peribron-
chial granulomas have been produced in rabbits
following inhalation of sodium zirconium lac-
tate (10). Diffuse pulmonary fibrosis has been
reported to occur in a variety of experimental
animals after prolonged inhalation of zirconium
lactate (2). Reed reported a case of a pulmonary

granulomous reaction in a chemical engineer
associated with the process of a purification and
reduction of zirconium metal (11), Twenty-two
workers who had been exposed to the fumes of
this process for 1-5 vears were also evaluated (11).
None ot these workers showed granuloma-
tosts and 15 had no pulmonary symptoms; 5 had
symptoms of chronic bronchitis, 3 of whom were
also exposed to chlorine gas. The original case,
which was believed to have zirconium-induced
disease, was subsequently found to have chronic
beryllium disease and had been exposed to beryl-
lium seven years previously.

Clinical Description

There appear to be no clinical cffeets of zir-
conium and zirconium compounds in man.
There are no lung function studies on record,

No x-ray changes attributable to zirconium
were reperied by Reed in 22 workers exposed
for a period of 1-5 vears in a zirconium plant
(11). McCallum reported the presence of small
densitics (Categories 1-3) on chest x-rays of eight
men working in a zirconium process plant ad-
jacent to an antimony smelting plant (8)., The
signilicance of the x-ray changes is not known.

Diagnosiic Criteria

Since zirconium is widely used in industry,
it is possible that a pneumoconiosis could be
caused by zirconium dust. Perhaps the occa-
sional report of small opacities seen on chest x-
ray in molders and knockout foundry men us-
ing molding sand and parting powders contain-
ing zircon are causcd by zirconium rather than
iron. One must be cognizant, therefore, in light
of changes noted in animals, of the possibility
that zirconium compounds may cause chest x-
rav opacities and perhaps diffuse granulomatous
pneumonitis and interstitial fibrosis (Y):

Methods of Prevention

Dust concentrations should be kKept to a
minimum, Good general housekeeping and safe-
ty practices are in order, as they are for any oc-
cupational exposure,

Research Needs

More studies are needed to determine wheth-
er zirconium compounds arc capable of produc-
ing significant pulmonary disease in exposed
individuals.
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RARE EARTHS

Introduction

The term rare earths usually refers to the
lanthanum {or lanthanons) series of metals hav-
ing alomic number 57-71, and includes yitrium
with atomic number 39 {11). They are part of the
transition metals Group 3, being the first series
of the periodic tables and having similar mole-
cular structures. They arc found together in
various combinarions in many ores: the most im-
portant are monazite and bastnaesite, but al-
s0 xenolimge, gadolinite, samarskire, fergsonite,
apatite, and euxenite, Cerium, atomic number
58, is the most abundant rare-earth metal, but
thorium oxide is also present in small amounts
in monazite and yitrium. Norway, Sweden, the
United States (Idaho, California and South
Carolina), Ontario, Canada, and Brazil ar¢ the
principal suppliers of rare earths. In the series
with aromic number 57-71, each metal has 2
outer ¢lectrens and 8 or 9 electrons in the next
inner shell. The metals vary in their third shell
from the outside, with each element above lan-
thanum having one electron more in the third
layer than the clement below it (57). This makes
the mass and atomic weight larger, but the ad-
ditions of these electrons make little difference
in the physical properties of the metals (11). Con-



sequently the rare earths are very similar and
separation of them is difficult {(12).

List of Causative Agents
{(Manufacturing Processes)

The rare-earth mectals are usually found
together in ore. The metals with atomic number
57-63 and inc¢luding cerium (58) have also been
referred to as light rare earths (3). Ytirium
(atomic number 70) is also included in this group
hecause of its light weight,

When thorium is separated from monazite
ore, the residual matter may be reduced by elec-
trolysis to an alloy which contains about 50%
cerium 1ogether with other rare metals (3), and
is called misch metal, a German name for mixed
metal. Misch metal is used for making aluminum
alloys and some steels and iron. It is useful in
removing sulflur and oxides and completely
degassifies steel. It is used as a precipitation and
hardening agent for stainless steel. Another im-
portant use of misch metal is in the manufac-
turing of magnesiom for aircraft castings.

Cerium oxide, a pale yellow, hcavy powder,
is used for coloring ceramics, for producing
distortion-free optical glass and for decoloriz-
ing crystal glass. Cerous oxide {(CE.O.) makes
glass completely absorbent to ultraviolet rays and
is thus an excellent opacifier for ceramics.
Neodymium is used in magnesium alloys to in-
crease strength and elevate temperatures and is
used in some glasscs to reduce glare (3). Lan-
thanum oxide, a white powder, is used for ab-
sorbing gas in vacuum tubes; the bromine is uscd
as an ¢leetron admitter for maintaining a con-
stant active cathode surface and has a high elec-
tric conductivity.

Didymium is not an element but a mixture
of rare earth without cerium. It contains the ox-
ides of lanthanum, needymium, praseodymium,
samarium, and other oxides. [t is really the basic
material in which the rarc metals are produced.
It gives glass a neutral grey color and is used in
glass lor welders’ goggles because it absorbs
vellow light and reduces glare and eve fatigue.

Dyvsporsium has high corrosion resistance
and has good neutron-absorption ability. It is
used in nuclear reactar control labs, in magnetic
alloys, and in serrites for microwave usc. It is
also used in mercury arc lamps.

Cerium is used in coloring glass yellow, but
can also be used to enhance the clarity of white
glass (11). It gives a blue fluorescent quality to

glass when made in reducing conditions, but if
made in an oxidizing process, it produces no
NMuorescence. It is alsg used to prevent color
changes in glass when cxposed to ultraviolet,
Cerium has replaced rouge in polishing glass. Ii
is also used as a dye in the textile indusiry for
mildew-proofing. Cerium constitutes abhout (0%
of the makeup of misch metal used in
magnesium and ferrous alloys.

Praseodymium is used to color glass, to
make carbon are ¢ores for light and theater pro-
jection machines, search lights, and other intense
lighting sources.

Neodymium is used to make purplc glass
and also used for stopping glass lasers.

Promethium is an important radioactive
source and is used for luminescent dials.

Samarium is used in making infrared-
absorbing glass and is a constituent of nuclear
reactors.,

Gasolinium has a high neutron absorption
factor and is used in control rods and reactors.
As an alloy, it improves high temperature
characteristics of iron and chromium.

Metallic thorium is used in nuclear reactors
to produce nuclear fuel, in the manufacture of
incandescent lamps, and as an alloying material
(18).

List of Occupations and Industries Involved

A partial list of cccupations in which ex-
posure to rare earths may occur includes:

ceramic workers

incandescent lamp workers

metal refiners

organic chemical synthesizers

aircraft castings maker

gas mantle workers

alloy mctal workcers

nuclear reactor workers

nocium tube makers

glass (vitreous) makers

rocket fuel makers

light flint makers

textile workers

ink makers

phosphor makers

metal refiners

enamel makers

workers exposed to carbon arc lamps
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Epidemiology

There have been essentially no significant
epidemiologic studies of individuals exposed to
rare carths. A few case reports are described in
the section on Clinical Description.

Estimate of Population at Risk

The overall population at risk is unknown,
NIOSH estimates that there are about 7,000
workers potentially exposed to cerium oxide.

Pathology

No pathological studies of human lungs ap-
pear on record and the rare earths are believed
to be relatively nontoxic. However, skin changes
have been described following exposure to some
of the rare earths (7)9). The chlorides of the rare
earths may cause eye irritation and transicnt con-
junctivitis, Corneal damage has been described
with terbium and opacities have been noted with
lantanum (15}. Intratracheal adminisiration of
the oxide of vitrium, neocdymium and cerium in
rats produce lung granulomas {7)(9). In large
quantities inhalation may produce an acute
chemical pneumnonitis and bronchitis in animals
(11). In other studies when rare earths were in-
haled or injected by intratracheal routes into ex-
perimental animals there was no evidence of
pulmeoenary fibrosis or other types of pulmonary
reaction {10).

Cochran, et al. reported that lanthanum
compounds exhibited low toxicity when admin-
istered orally to rats (4). Mice exposed to gado-
linium oxide aerosol for 20-120 days demon-
strated an increased number of deaths due to
pneumaonia five weeks atter exposure. There was
a trend toward shorter life spans in mice who sur-
vived exposure (2). There was also evidence that
this compound was cleared completely from the
lung. Histological features supported the evi-
dence of its low-grade toxicity, There were focal
areas of interstitial thickening and areas of
macrophage accumulation containing rare earth
dust particles. An unusual histological featurc
was pulmonary calcification in the region of the
outer basement membrane and elastic lamina of
small pulmonary vessels of exposed mice (2),

Schepers introduced a blend of rare earths
with a high oxide content into the lungs of guinea
pigs by intratracheal injection and noted fatal
chemical pneumonitis in one-third of the an-
imals. In those that survived, cellular eosinophilia
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was a prominent feature {17}. Most of the dust
was trapped within areas of focal atelectasis, but
no pulmonary fibrosis was noted At one month,
there was evidence of inlraalveolar accumulalion
of pigment and engulfment of dust by alveolar
macrophages. There was some dust transport to
perivascular lvmphatics. After one vear, in ani-
mals that survived, there was peribronchial
accumulation of dust and minimal scarring. In
animals studied at 570 days, there were peri-
vascular pulmonary granulomas without much
pigment noted, Hilar lymph nodes showed focal
aggregation of rare earth dust without inflam-
matory reactions. When blends of rare earth
compounds, predeminantly composed of fluor-
ides, were introduced intratracheally, an acute
transient chemical pneumonitis was produced
followed by a subacute bronchitis and bron-
chiolitis (16). Graca et al. did a comparison study
of stable rarc carth compounds and (ound only
transicnt bul no permanent pulmonary changes
(5)(6).

Clinical Description

There are no symptoms or abnormal phy-
sical signs or alterations reported for rare earths.
No change in pulmonary physiology has been
attributed to these inhaled dusts.

X-ray appearance

Hueck and Hoschek reported that 3 of 67
persons working in a photographic department
of an offset printer, and in contact with carbon
arc lamps, demonstrated opacities on chest x-ray
similar 1o those of baritosis; they believed that
the changes were due to cerium and other rare
carths (10). In order to increase the brightness,
the rods in arc lamps were equipped with cored
carbon. An essential component of the rods is
made up of rare earth fluorides. Parkes reported
a similar case of an individual with dense opac-
ities on chest x-ray who worked with cerium diox-
ide for six years (14), A French report describes
two subjects with a miliary disease on chest x-
rdy, possibly due to the inhalation of cerium
oxide (13).

Diagnostic Criteria

Differential diagnoses similar to other high-
density dusts are in order. One may demonstrate
radioactive thorium-228, in the expired breath

by whole-body counier (14). Perhaps most im-
portant, a detailed occupational history will



establish the diagnosis of rare earth pneumo-
coniosis.

Analysis of tissue for rare earths by a quick
and inexpensive means is not available; it is com-
plex, especially when identifying for specific rare
earths. Total rare earths content can be found
by chemical methods (11). Absorption and x-ray
fluorescence spectra can also be used for iden-
tifving a variety of rare earths (11). Flame photo-
metry is not suitable for most rare earths because
of interferences, but it can be used for lantha-
non, neodymium, and ytterbium (12). Spectro-
graphic analysis can be used for identifying rare
earths especially when they are present in trace
amounts. With the exception of cerium, atomic
absorption spectrometry is the method of choice
for quantitative determination for rare earths
(11).

Method of Prevention

Environmental control is mainly designed
to deerease inhalations since ingestion is harm-
less. Heated rare earths may give off toxic fumes
that should be controlled. Dusts should be ven-
tilated adequately (11). There is no TLV for any
of the rare carths elements, although yttrium

has an arbitrary TLV varying between 1 and S
mg/m°, which was based on no clinical exper-
iences or inhalation experiments (11). The TLV
for ytirium can probably be applied to all rare
earths. Gloves, protective eve wear and other pro-
tective equipment is necessary to prevent skin
contact, especially with terbium. Employees with
corneal injuries, kerato-conjunctivitis or con-
junctivities should not be exposed to the dusts.
When there is thorium exposure, the amount of
a-emitting radon daughters in air should be kept
as low as possible, although no specific level has
been yet generally agreed on.

Research Needs

Since there have been so few clinical
pathologic studies available 1t 1s obvious that
more information is needed. Little 15 known
about the potential health effects of coexisting
thorium {(an a-particle emitter) and its decoy
chain. High concentrations of thoron daughters
have been observed in thorium mining (1).
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